Height of Chimney in 
feet. 


TABLE 03? DIMENSIONS OF CHIMNEYS. 

O/i the lasts of the head of outside ctir being equal to half the height of 
Chimney, and the flues being not much over six times the length of boiler. 
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PREFACE. 


The following Chapters were commenced with 1 
intention of adding them to the 5th Edition of m 
“ Treatise on Steam Boilers,” in consequence of having 
had numerous enquiries respecting the proper size of 
chimney for boiler- work. The information is, however, 
likely to he more useful in its present form, hence the 
appearance of this little book. 

I had some diffidence in calling in question the 
correctness of the theory of draught adopted by 
Rankine, by Morin, and by Peclet in the 2nd Edition 
of his “ Traits de la Chaleur,” but after going to press 
I find that Peclet in the 3rd Edition of his work has 
altered his theory and adopted the same as I have 
arrived at. 


ROBERT WILSON. 
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BOILER AND EACTORY CHIMNEYS. 


CHAPTER I 

CHIMNEY DRAUGHT. 

Boiler chimneys are used not only in order to 
obtain a sufficient flow of air to maintain a steady 
combustion, but also to discharge the noxious gases of 
combustion at such a height above the ground that 
they shall not be considered a nuisance. 

It is well known that the pressure of a fluid is equal 
in all directions, and is measu red at any given point by 
the area, density, and height above that point of the 
column of liquid or gas which exerts the pressure. 

In fig. 1, let A B—CD represent the height of the 
atmosphere, and D F the height of a chimney. Then 
the pressure on the top of the column of air in the 
chimney is measured by G F, and the pressure on the 
bottom of the same column by G F + F D. When the 
temperature and density of the column F JD inside the 
chimney are the same as those of a column BB of 
equal height and area outside, it is evident that the 
two columns A B + BB and C F + F I) will be in 
equilibrio, and there will bo no tendency to produce 
motion. Should, however, the column FI) inside the 
chimney be of a higher temperature and consequently 
•of less density .than a column E B of equal height and 

u 
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area outside, tlie weight of the column A E + E B will 



be greater than that 
of CF + FJD, whence 
the preponderating 
pressure at J K will 
force the inside column 
F D upwards. If the 
air, as it passes J K, 
becomes heated, and 
the diminished den- 
sity of the column in- 
side the chimney is 
maintained, the co- 
lumn will continue to 
be forced upwards by 
the unbalanced pres- 
sure outside. 


This is what takes place when a fire is lighted under 
a chimney, and the continuous current of cold air, that 
forces the heated and lighter air upwards, produces 
what is called the draught, which is the name given 
(wrongly) to the quantity of heated gas discharged by the 
chimney, whether expressed by weight or volume of the 
gases ; or the velocity of the current ; or by the pressure 
required to produce that current. It is evident that 
the force of the draught will depend upon the diffe- 
rence in the weight of the two columns A E -f E B and 
GF + F D. Now as AE and OF, the height of the 
portions of the columns above the chimney, are equal, 
they balance each other, and may he left out of consi- 
deration for the present. 

Assuming the temperature of the atmosphere to be 
62° — a fair average — then every additional degree of 
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heat imparted to the air would increase its bulk 
or, by increasing its temperature by 523 degrees, its 
volume would be doubled, and its density consequently 
reduced by one-half. 

Let D = 0 0761, the density or weight of a cubic 
foot of the outside air at 62° ; 
d = the density of the hot gas in the chim- 
ney, assumed to be constant from the 
bridge to the chimney-top ; 
t = the temperature of the hot gas in the 
chimney ; 

then the density d of the hot gas at any required tempe- 
rature t, can be found by the formula 



If we represent the weight of the heated column by 
D H in fig. 1, F H = E G will represent the difference 
in weight or pressure between the two columns F D 
and E B. 

Let H = the height of the chimney; 

P — the difference in pressure between the two 
columns ; 

then P=HD-Hd = H(D-d). 

This unbalanced pressure P is the motive force 
which drives the hot-air up the chimney, and the height 
in feet of a column of the external air or “head” in 
fed of cold air, to produce this pressure, acting by its 
own weight, is found by dividing P by the density of 
the external air, whence 

_ P II iD - dt 
1 D ” D 

This head Id, is represented graphically on fig, 1 by 
FH-EG, as before. 
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If we take, for example, a chimney 90 ft. high, in 
which the volume of the air is doubled in passing 
through the fire, vve shall have D = 0 - 0761 and d = 
0 - 0380, whence 

H, = 90 (- --^ 6 y-° )= 90(1) = 45 ft. 

The. head is proportional to the height of the chim- 
ney. 

When we know 

t — the temperature of the chimney gases above 
zero ; 

T = the temperature of the atmosphere ; 
a = the coefficient of expansion of air for one 
degree of the thermometer at zero =r 0-00217; 

we have 

Taking t x = the temperature of the gases above that 
of the atmosphere at 62°, which makes T = 62°, we 
have the following simple rule 


Suppose the temperature of the gas inside the 
chimney to be 600°, then 
t, = 600°- 62° = 538°, and 
538 

H| — jyprpH =:0’574, or very nearly one half the 
height of the chimney. 

When the head is known, the theoretical mean velo- 
city per second with which the external air tends to 
enter the chimney can easily be calculated. Supposing 
the chimney were quite empty, and there were no loss 
by contraction at entrance, then, if a column of outside 
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air were allowed to descend into it by its own weight, 
the velocity which the column would acquire by the 
time its top reached the entrance into the chimney 
would he that due to the height the column had fallen, 
which would be equal to the height of the chimney, and 
the velocity of the entering air would be = \/2 g H = 
8 \/H, 2 g being twice the velocity produced by gravity 
in the first second of fall. 


But the chimney is never quite empty, and the 
height of the column to which the theoretical velocity, 
v, in feet per second, of the entering cold air is due, 
becomes equal to the square root of the height of the 
head H, or the theoretical velocity of the cold air, — 


D - d 


*- V ' 2 '' 11 D 8 \/ H 

/tl h 

V 523 + t. 




H a ~ T) = 8 
It at 

= 8 vng. 


Suppose the head of cold air H, = ‘5 HandH = 90, 
then v = 8 \/45 = 53’7. 

On passing through the fire the air is increased in 
volume in proportion to the increase of temperature, 
but not by the amount of the bulk of the gases it 
enters into combination with (see p. 19). The velocity, 
therefore, of the heated air will be much greater than 
that of the entering cold air. 

As the velocity of the gases is proportional to their 
volutncs, we have for V, the theoretical velocity of the 
hot air in the chimney, 


v - < 4 w ) - 8 V C 5 ®-*) - 3 V * l 


Peclet, Rank in e, and Morin have all taken the 
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head, in feet of hot gas, or 7i, 


V 


"J 


H. P and make 

a 


2 G H 


I) —d 
d~‘ 


not - D 
the hot gases is always dependent in the first place upon 
the velocity of the entering cold air, and consequently 
upon H, and not upon the head of hot gas h x . 

If Q = volume of gases discharged per second by 
the chimney ; 

A = area of chimney ; we have 


This is evidently an error, since 
D /I T^d 


J 


The velocity of 


Q 




= A8 A /H a ii n l r ) x 
A/ I+aJ 


461 + t 
523. 


From the foregoing it is evident that the theoretical 
velocity and volume of the hot gas discharged from the 
chimney are proportional to the square root of the 
height of the chimney ; to the square root of the head 
or excess of 'pressure of the outside air over that of the 
hot gas in the chimney ; or to the square root of the 
increase of temperature of the hot gas. 

An error made by some writers on this subject is in 


assuming 


that because V — P v the 
d 


draught force 


increases in proportion to the increase in velocity or 
inversely as the increase in density of the heated gases. 
But as the motive force, or force that produces the 
draught, is proportional to the height of the head, 
and the velocity due to this head is proportional 
to the square root of its height or to \7H,, and 
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as this height is proportional to the ratio of the 

j) ^ 

densities, or to we have the velocity propor- 


tionate to 



D—d 

D 


and not to 


Tbe actual velocity of the entering cold air and hot 
gases is reduced below the theoretical velocity by the 
resistance to their passage offered by the contracted 
areas through the fire-grate and layer of fuel, and over 
the bridge, by the bends and change of direction in 
the flues, by the change of shape and area of flues 
which cause eddies in the current, and by the friction 
against the sides of the flues and chimney. 


Let 


1 

K 


express the relation of these various resis- 


tances to the velocity of the hot gases, then we shall have 


v -W 20H -4 


According to Peclet’s researches the actual velocity 
is given approximately by the following formula. 




G + 


G 1 ') ( ' 


+ a ( 


here £=the whole length of chimney and flues, in feet; 

/— a co-eflieient of friction which Peclet found to 
he 001.2 for the passage of furnace gases ovei 
sooty surfaces ; 

d-- diameter of round, or side of square flues; 

(J = a factor of resistance for the passage of air 
through the grate and the layer of fuel above 
it, which may he taken at 40 for ordinary 
Boiler furnaces. 
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N-- number of bends at right angles to direction of 
current. 

Morin, who has wrongly, as we consider, assumed the 


velocity of the hot gas to vary as 


/TT^ 

J d 


instead of 


/~lif x gives the following method of investiga- 

tingthe forms of resistance theoretically, the co-efficients 
being our own: — It is evident that the moving force P, 
which tends to make the air enter the chimney is ex- 
pressed by 

P = (D-d)AH 

'A being the area of the chimney as before. If the 
mean velocity of the current in the chimney be Y, the 
work developed per second by the motive pressure 
will be 

(D — d) A H V. 

The resistance of the sides to the movement of the 
gases will be represented by the expression 


d SLAV 8 
ff- 

S being the perimeter, or contour of the flues or 
chimney ; L, the length of the chimney and flues, being 
equal to H when vertical; /3, a co-efficient for any 
given kind of internal surface of flues and chimney. 

The work developed per second by this resistance 
will be 


d S L £ V“ 


w 

If M = — the mass of the gases, whose weight 

9 , , , 

W = d AY, the vis viva imparted to this mass by the 
difference of pressures or motive force P will be 


MY* 



iff* 


r 
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inished in at least 


Now this vis viva is usual! 
six different inodes : — 

1. By the contraction at the 
Now, supposing this entrance to be 
flues, the loss of vis viva may be expressed by 

m/ l-i \ V 

\m / 

m being the co-efficient of contraction at entrance. 
This loss of vis viva may be neglected when the orifice 
of entrance is such that m differs very little from unity ; 
but this is seldom the case. The co-efficient m of con- 
traction is usually taken from 0'60 to 0 80. Taking it 
at 0*70, we have 

a - i y= a - o' - - im - 



The total vis viva given to the gases in motion, 
and which consists of that maintained in the chimney 
and of that lost at the entrance, will be expressed by 



2. If the area of the entrance orifice has a section 
different from and less than that of the flues or 
chimney, the loss of vis viva will be M (V'— V) 3 


= M V *(. — _l) , V' being the velocity through 

\m A / 

the orifice whose area is A'. 

/ \ y 

The term ( — l) ma y acquire a considerable 

\m' A' f 


value when all the air has to pass through the bars 
and bed of fuel and over the bridge. The area for the 
passage of aif being frequently only T ‘- 0 - the area of the 
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section A of the chimney (or less when a thick layer of 
caking coal is used), in this case 


and 


A 

in' A' 


= 10 


f_A. _ 1 y 

\ in' A! ) 


= 81 . 


When the area for the passage of air through the 
fuel equals the space between the fire bars or com- 
monly £ the section of chimney outlet, then 


and 


A 

in' A' 


= 2 


A 


. in' A' 



1 . 


This formula is, strictly speaking, only applicable where 
the density of the fluid does not change in its passage. 


3. A loss of vis viva takes place at every elbow or 
bend. With a single flush-fined externally fired boiler 
there may be only a single elbow, namely at tho 
bottom of the chimney ; but in tubular boilers set in 
the best manner and connected with a single chimney 
there are often as many as eight elbows. Taking this 
number, and expressing the loss at each bend by 

m(-A- i V v we have to repeat the term ( * — l) 

V m / v m / 

eight times. Supposing m // =0 , 70, we have 

A similar loss occurs where two or more currents 
meet us in a split draught, uniting again in a single 
flue. 

4. Then wc have the loss of each enlargement of the 
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(iue represented by M 




Y . This nearly 


always occurs at the bridge, at the entrance of the flues 
into the chimney, and where a number of tubes deliver 
into a large space or flue. The greatest value this term 
can have is in the case where the area 0 of the enlarged 
section is so large in proportion to that A of the small 


A 

flue, or tube, that we may regard — = 0. Then 


0 -*>■->• 


Supposing — = £ then 

OA) 1 ' 0 ' 26 - 


5. When the area A, of the exit orifice of the 
chimney is less than the area A, the velocity will be 
V, instead of V making the co-efficient of contraction 
wii the volume of the gases discharged will be 
m , A , Y , = A V, 

whence Y , = - ~A— V. 

m, A, 

when m, A, is less than A, the velocity Y will be 
greater than V, which will give a greater steadiness of 
draught but diminish the volume discharged per second. 
Taking the velocity of exit orifice to that of mean 


velocity as 3 to 2, we have V , 


= ? V ~ 1'5 V, 


whence ( - ^ ^ = 2'25. 

\m, A,/ 

In tapered boiler chimneys the area- A is usually 
taken as that of the outlet, and in such cases the vis 
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viva becomes MV, 2 instead of M V\ and is not the 
average velocity of the draught in the chimney. 

6. The resistance arising from the friction of the air 
or gases over ihe sooty surface of the flues and chimney 


will be represented by 


2SL/3 

A 


as already given. 


In a circular or square chimney we have — — 
* A 

this term then becomes 


1 

D 


8Lj3 

D 


The value of the co-efficient /3 depends upon the 
number and shape of tubes, flues and passages through 
which the gases flow, and is given by Peclet as 0012 
for sooty surfaces. 


The proportion varies very much, talcing it at 100 


and 30 respectively, the term 


8L/3 

I) 


becomes 


8 x 100 x -012 = 9 -6. 

8 x 30 x , 012 = 2'880. 

Collecting these terms we have : — 


1st term 

(i-i V - 

\m / 

1-86 

1-85. 

2nd „ 

II 

e» 

1 

81 

8rd „ 


1A8 

1-48. 

4th „ 

o-£y - 

•25 

•26. 

6 th „ 

( A y - 

\m, A, ) 

2-25 

2-25. 

6th „ 

2 S L a 

=2* 

A 

2-88 

9-64. 



9-71 

96-47. 


When all these causes of loss of vis viva, or motive 
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force, are present in the same draught the principle of 
vis viva applied to this circulation will give us the 
following relation : — 

MT ’ + M (i- 1 ) V + - l)V 

+ M(l-A)v =2 (D -d) A HV-^^ 8 

In this general equation, the mass of air which passes 
each section in one second is the same, and in the ex- 
pression of its value 

9 

whence 

d V _ M 
g A. 

Also according to the notation already employed 
Y^-A-Y 

■'"i A i 

dividing both sides of the general equation by 

m = A 7 

9 

we have the following, 

T ’i(;A.)* + (»~ I ) 1+ (>A ; ‘ ’)’ + Qr~ l J + 


2 S L /S 


9 / 1) — u _ o „ Cl(t’ 1 1 1' 


ct[t — TiH 


whence 


r '(V) H 


(sTa, V * (;, - + ( „A- - *)’ + (j> * 0’ 

+ C' 5 )’ 


A\* 2 S L g 

A. 
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or 


2 0 


a [t — T ) U 
1 + (i T 


v =, 


V (», A a;)’ + (l - ')’ + (A - 0’ + A - 1 )’ 


0-t) 


• , 2 S L 0 
A. 


Substituting for the denominator in this equation the 
values found for each term we have for the first 



and for the second value, 

y = 0‘102 2r/^5-Zi?) IT. 

From the results of observation and experience it 
may be safely considered that the velocity as a rule 
lies between those given by using the two co-efficients 
(VI and 0'3. For ordinary practice, where there are 
not many very small tubes or very restricted passages 
over the bridge and elsewhere, and where the fire is not 
very thick and solid the co- efficient 03 may be used. 
Then 

v =V 2 <^ H 
T = 2 ' 4 AA" 11 -" 

In practice with a strong draught \J — -j—- differs 

very slightly from unity and may be left out, whence 
we have 

v= 2 ' 1/V AT 
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In using the correct formula V \/ — x ^ 

we should have found that for the conditions of 
density, &c., usually found with boiler chimneys that 

D —d v -P • n_ v /D — d 

‘ J 


D 


J 


D 


whence we should have V 


u / 

^ is usually about 1'4 where / ^ 

i * Z 7 ^ 7 D 

1*7 V 


/D— (Z. 
D 


x 


Where the length of the horizontal flues is great com- 
pared with that of the chimney and their diameter 
small, the velocity will be somewhat diminished. 

With respect to the expression 

t - T 


D - d 
~d 


= a(Lzl\ 
\1 + a T/ 


Morin states that Peclet, in his Traitd de la 
Chaleur,” 3rd ed., (p. 37, vol. i.,) has admitted 
D - d _ „ (t - T) 
d 1 + at 


an error which in many cases may materially alter the 
results, since the temperature T of the atmosphere 
scarcely ever varies more in this country than from 10° 
to 80°, making the denominator 1 + a T, vary from 
1‘02 to 116, whilst the other denominator, 1 + at, 
would vary from 12 to 2'3, and lead to very material 
mistakes. This, however, does not apply practically to 
boiler chimney draughts. 

In the above mode of investigating the motive force 
of the draught it would have been more correct to have 
taken the vis viva of the cold air entering the ash-pit 
and fire-bars at the velocity due to its density, and to 
have made allowance for the change in the density as 
the air passed through the fire. It may be here re- 
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marked that theoretical and scientific refinements are 
unnecessary and often worse than useless in seeking to 
determine the actual velocity of the draught of any 
given chimney, when the circumstances and conditions 
are so complex and uncertain in actual practice that no 
theoretical' formulae can he expected to give results even 
approximately correct under all circumstances and con- * 
ditions of working, which are continually varying. It 
is needless to seek to determine the exact pressures 01 
densities at the top and bottom of the chimney in order 
to arrive at the average pressure and density at a given 
barometrical pressure when this pressure varies from 
day to day. The direction of the wind has a very 
decided effect upon the draught ; when it blows 
strongly into the ash-pit and furnace it may greatly 
increase, and when it blows from the ash-pit it may 
greatly lessen, the motive force of the preponderating 
column of cold air. Then the shape of the chimney 
top, hygrometric condition of the atmosphere, presence 
of blow-holes or leakages in brickwork, angle or incli- 
nation to each other of bends at converging flues and 
points of uniting of split draughts, partial choking up 
of air passages and flues by clinkers, soot, and flue dirt, 
change in the quality of fuel, and many other uncertain 
circumstances likely to influence the force of the 
draught, are more important than smoothness of brick- 
work and any accurate determination of mean tempe- 
ratures and densities. It is, however, well to know 
that uncertain conditions do exist, in order that we may 
know pretty nearly how far we may be guided by any 
rules we may find or establish for our own use. 

In examining the general equation (pp. 7 and 13) we 
gather from the numerator with certainty : — 
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1st. That the velocity of the air and gases is pro- 
portionate to the square root of the height of the 
chimney, so that by doubling the height the theoretical 
velocity is increased only in the proportion of \/l to 
\/% or as 1 to T4, and in seeking to increase the 
draught by altering the height of the chimney we must 
quadruple the height in order to double the force of 
the draught, assuming that the area remains the same 
and that the additional height causes no more friction, 
which is, however, not the case, as the increase of 
height increases the value of the last terms in the 
denominator, in the equation in p. 7. In practice there 
is a limit to the height for the best draught, beyond 
which the additional height increases the resistance 
due to the increased velocity and friction more rapidly 
than the flow of cold air. For chimneys not over 3' 6" 
diam. at top this maximum height appears to be about 
300ft. 

2nd. That the velocity of the flow of cold air is 

proportionate to the square root of the ratio ^ ■ 

On examining this expression we find that the draught 
does not increase so quickly as the square root of the 
difference in temperature between the hot gases and 
the outside air, and that very little is gained theoreti- 
cally by increasing the temperature of the gases in the 
chimney, when the ratio of the densities of the outside 
air and the hot gas are as 2 to 1. By raising the tem- 
perature from ()00° to 1200° we should theoretically 
only increase the draught force in the proportion of ‘71 
to ’80, and in practice it would be still less. 

On the other hand, when we place an economiser in 
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the flue and seek to reduce the temperature of the 
escaping gases from say 6">0° to 350°, we should diminish 
the velocity of the draught only in the proportion of 
s/’7o to or as 1 is to 0’8. 

3rd. From the denominator we gather that the velo- 
city is inversely proportionate to the square root of a 
denominator in which at least six uncertain elements 
may combine to make its value equal to from 9 to 100, 
and, as the co-efficient of reduction depends in each case 
upon given conditions, the particular values should be 
introduced into the denominator. 

The loss from these causes may be obviated 

a, by facilitating the entrance of the air into the 
ash-pit and through the fire-bars and body of 
fuel, which may be done by making the dimen- 
sions of the passages as large as practicable, 
and making their shape as favourable as possible 
for the passage of air. 

b, by avoiding as much as possible contractions, 
elbows, sudden bends, and alterations in the 
direction of the flow of air. Where contrac- 
tions necessarily occur, there should be no cor- 
ners left, but the contraction should be ap- 
proached gradually by tapering the flue. 

c, by avoiding as much as possible all enlarge- 
ments, and especially sudden enlargements, in 
the flues, which cause eddies in the current of 
gases. Here again the flue should he tapered. 

d, by making the surface of the masonry as smooth 
as possible. 

e, by having no holes in the brickwork for the 
cold air to enter. Defects in the brickwork be- 
tween two parts of a flue, by allowing the hot 



CHIMNEY DRAUGHT. 


19 


gases to make a shorter circuit to the chimney, 
will improve the draught at a sacrifice of 
economy, as the defective brickwork beneath 
the boiler practically reduces the extent of 
heating surface. 

In estimating the volume of the gases of combustion, 
we can take the volume of the mixed carbonic acid, 
nitrogen, and unburnt oxygen, in the chimney, as equal 
to the original volume of air, and the density is in- 
creased simply in the ratio of the sum of the weights 
of the air and of the carbon taken up, to the weight of 
air. The volume of the mixed steam, nitrogen, and 
unburnt oxygen, is greater than the original volume of 
air by an amount equal to the quantity of oxygen that 
has combined with hydrogen, but the quantity of 
hydrogen in ordinary fuel bears so small a proportion 
to the total weight of fuel that it is not worth con- 
sidering, and the volume of the gases in the chimney 
may be taken as equal to the volume of air at the 
given temperature. 

Then the variation of density produced by the de- 
viation of pressure from the mean atmospheric pressure 
may be disregarded. 

The volume of the gas at G2” and at one atmosphere 
may be taken as being sufficiently near for all practical 
purposes at 13 cubic feet for each lb. of air supplied to 
the furnace. 

It has been shown in the author’s “ Treatise on 
Steam Boilers,” p. 254, that a larger quantity of air 
than the theoretical amount for combustion passes the 
furnace, and the following arc approximately the quan- 
tities of air required under different circumstances. 
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Vol. of air at 02* < 

per lb. of fuel. 

12 lbs. per lb. of fuel = 158 

18 „ „ = 236 

21 „ „ = 275 

24 „ „ = 306 

Tlie volume Q at any other temperature, t, may be 


found by 


the formula. 

Q = Qi 


(461 + t) 
523 


Q, being the volume at 62°. 


Supply or Aiu ns lbs, pjsu lb. of Fukl. 


| 12 | 18 | 21 | 24 

Temperature. Volumo of gases per lb. of fuel in cubic feet. 


32° 

148 

222 

259 

297 

62° 

158 

236 

275 

316 

75° 

162 

242 

282 

324 

98° 

169 

252 

294 

338 

212° 

204 

304 

355 

408 

300“ 

230 

343 

400 

460 

400° 

260 

388 

452 

5">0 

500° 

290 

433 

505 

580 

600° 

820 

480 

558 

640 

700° 

350 

524 

610 

700 

800° 

380 

570 

663 

760 

1200° 

500 

748 

871 

1002 

2000° 

742 

1109 

1292 

1485 

2500° 

894 

1336 

1556 

1789 

3000° 

1044 

1569 

1818 

2089 

4000° 

1346 

2011 

2343 

2692 


Let W = the weight in lb of fuel burnt j>er second. 
Q, = volume at 62° of air supplied per lb. of 
fuel (see table). 

A = sectional area of chimney in square feet. 
Then V the velocity per second of the current in 
the chimney will be 

y _ W Q (461 - 2 + f) 

A x 523 

W = V A * 6 23 
Q (461 + t) ' 

From this the weight of fuel per hour that can be 
burnt in the furnace can be calculated when we have 


found the velocity, V, by formula 

V = 2 '4 yT* 
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The density, d, of the current in lb. per cubic feet 
is approximately 

- = aPr. 

that is, from 0-079(jg^) to 0-082 


The head, H, expressed in feet, of a column of the 
outside air, may be converted into P,, an equivalent 
pressure in lbs. per square foot thus — 


= Hj D = I-q X -0761, 

the temperature of the atmosphere being taken at 62°. 

The unit of head most commonly employed is an 
inch of water, when syphon water gauges graduated 
into inches and decimals are used to measure the dif- 
ference of pressure within and without the shaft. As 
a cubic foot of water at 02° weighs 62 , 355 lbs., a 
column of water one inch high must exert a pressure 
of 5 '2 lbs. per square foot of surface, whence we have 

= 0192 for a multiplier, and Head in inches of 

water = 0192 P, = H () 

H 0 = 0-192 Hj X '0761 

and 


Head in inches of water . 
TO 2 x -0761 ’ 


from which formula we can calculate the height of 
chimney to give any required head, expressed in inches 
of water, when the temperature inside and outside 


are known : — Since (p 4) H = 


Ii, 


V_ 

32 :i x < 1 


we have 


„ _ Head in inches of water x 523 x < t . 
*192 x -0761 t, 



22 


BOILER AND FACTORY CHIMNEYS. 


Suppose we want a chimney sufficiently high to give 
a head of f inch of water, with the temperature inside 
at 523° above the temperature of the atmosphere we 
have then 


H = 



= 103 feet. 


In the expression in Morin’s formula for V the 
velocity of the air which passes up the chimney, it is 
obvious that this quantity increases indefinitely with 
the temperature T in the chimney, and it might appear 
that any increase in the temperature of the hot air 
would be attended with advantage for increasing the 
draught. It is not, however, the volume of air, or gases 
discharged by the chimney that it is desirable to in- 
crease, but rather that of the air passing through the 
grate. Now if we call this volume of the outside air 
Q,, and its density D, the weight of air passing through 
the bars being equal to the weight of that discharged 
by the chimney, less the amount due to the weight of 
fuel burnt we have the relation 
d Q = D Q„ 

whence 


Qi - 


d Q 


■S5L±- a .l Q 


Q. 

461 -I- t u 


1) 1 +• a t 

Consequently Morin’s formula for the volume Q at the 
temperature t would take the form 
d 


Qi 


D 




2 G H 


t - T 
461 + T 


•95 


= A A A G II (461 + T) A ” 

V V (461 + t)* 

It is evident from this last form that whilst the 
weight of air to be discharged increases inversely as the 
temperature, the draught-force increases as the square 
root of the temperature, hence the weight of air Q, at the 
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temperature T has a maximum value corresponding to 
a certain temperature t of the gas which is discharged 
from the chimney, and which should not be exceeded 
This is found from the factor 

\/ ( 46 T +<) 2 

which expression attains a maximum when 

t = 461 + 2 T 


draught of 


Therefore according to this theory of 
Morin the best chimney draught takes place when 
the absolute temperature of the hot gas in the chimney 
is to that of the external air as 2-f to 1 approximately, 
or when the head in hot gas h = H ; that is, when the 
density of the hot gas is about one-half that of the ex- 
ternal air. When the external temperature T = 62° 
we have for the temperature within the chimney 
461x124 


•9 


650. 


Although this result would be modified by taking 
into account the resistance to the flow of the gases in 
the long flue between a boiler furnace and the chimney, 
yet according to this theory, the temperature within 
any chimney to ensure the best draught should not 
much exceed 600°, and this limit is completely inde- 
pendent of any disparity in area of flues and chimney, 
and it is somewhat remarkable that the mean tem- 
perature of good boiler chimneys agrees pretty closely 
with this maximum temperature. 

The proper allowance of air for a good chimney 
draught being about 211bs. per lb. of fuel, the volume at 
62° is about 275 cubic feet per lb. of fuel, and the 
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volume of the hot gas at 600° about 558 cubic feet per 
lb. of fuel, or 27 cubic feet per lb. of the hot gas itself. 

With respect to the head and temperature of the hot 
gas for the most effective draught, Rankine arrives at 
a similar result to the above as follows : — the velocity 
of the gas in the chimney is proportional to s/~h, and 
therefore to 0 ' 9 6 j 4 0 1 ~+t — (4 6 1 + T. ) } The density of 

that gas is proportional to — ^ 

The weight discharged per second is proportional to 
velocity x density, and, therefore, to 

+ II ; Which expression becomes 

a maximum, when 

461 + t = (461 + T) ; 

therefore the best chimney-draught takes place when 
the absolute temperature of the gas in the chimney is 
to that of the external air as 25 to 12. 

Morin, in his “Etude sur la Ventilation, ” treats the 
hot air in the chimney as not having passed through 
the fire-bars, which is correct for some modes of venti- 
lation, but not for boiler chimney-draught. He conse- 
quently gets the result equivalent to t — 401. + 2 T, 
and remarks that Pticlet, in the second edition of his 
Treatise, undertook an investigation for the tempera- 
ture corresponding to the maximum of the volume of 
a.ir drawn in by the chimney, and he arrived at the 
result just given, but the formula!, which in the third 
edition of the same work are substituted for those in 
the second, being inaccurate, led him to suppress the 
investigation and its consequences, of which there is no 
longer question, in the third edition. 
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In what appears to be the correct theory of draught, 

where V = a/ 2 G H ) x there is no 

such theoretical maximum temperature for the best 
draught, as above found by Rankin e and Morin, since 
the velocity and volume of the flow of air increase con- 
tinually with the increase of temperature t. According 
to the above expression, based on this theory, as the 
a(t—T) 


temperature increases, 


approaches nearer Oil! V 


1 -j- (it 

nearer to unity, and if we take the temperature t = 200 
to t = oo , we shall have the velocity of the cold air 
varying in the ratio of '44 to 1, or as 1 to 2'3. As we 
have already seen at p. 17, when the density of the 
hot gas is about half that of the density of the outside 
air, or about 600°, the velocity has '71 of the theoretical 
maximum. In practice, however, as the velocity and 
volume of the gases discharged increase with the rise of 
temperature, the resistance due to friction increases 
very rapidly also, and there is a maximum efficiency of 
draught which is not given by the formula. For boiler 
furnaces there is no practical gain in the draught, but a 
great waste of fuel by increasing the temperature of the 
escaping gases much beyond G00°. 

In formula (p. 20) we had 


W = - 


YA x 523 


whence 


* __ W q ( an 
V 52:1 


Q" (401 + t) 
t) 


taking the temperature of the discharged gases as 600° 
and 21 lbs. of air, per lbs. of fuel burnt 
becomes 553, and 
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W x 558 
2-4VH7 


W is here the weight of coal burnt per second, but 
taking w as the weight burnt per hour, we have 


A =• 


w x 0'07. 
\/ H . 


w = A n /H~ 


0-07 


II = 


/ w x 0‘07\2 

\ A ) 


from which we have the column in the table for the area 
of a chimney to burn a given quantity of coal when the 
height is given in feet. The area in feet here is taken 
as that for the top opening of the chimney, and a coni- 
cal or pyramidal chimney may be treated as though it 
were cylindrical or parallel. This agrees very nearly 
with the formulae commonly given for land chimneys, 
and answers very well for a single boiler chimney, 
giving about 2| square feet for a Lancashire boiler 
consuming 10 tons of coal per week of 60 hours with a 
shaft 90 feet high. 

Ninety feet is a very common height for boiler 
chimneys in large towns, being the minimum height 
allowed by many Town Improvement Acts, as in 
Manchester, Leeds, and other towns. 

When, however, a number of boilers have only one 
chimney in common, the area does not require to be so 
large as the sum of several chimneys used for single 
boilers, since the friction becomes reduced, aud the 
draught is greatly steadied when several boilers are fired 
successively, and a higher temperature is maintained. 

The flues should be made larger than the area of the 
chimney, as they become contracted when soot and flue 
dirt gathers. 
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A common rule arrived at from experience is to make 
the flues and area of the chimney top equal to from ^th 
to ,Vfch the area of firegrate without taking into account 
the height of the chimney. Another useful rule is to 
allow from 2 to 3 square feet for each boiler, having 
about 30 square feet of firegrate, the former allowance 
answering for chimneys over 150 feet high, which dis- 
charge the gases from several furnaces working together, 
and the latter for chimneys under 150 feet high, with 
not over six furnaces. There are many tall chimneys — 
over 200 feet — answering well with only from lj feet 
to If feet square of top opening for every 30 square 
feet of firegrate where more than half-a-dozen boilers 
are working together with one chimney in common. It 
may be taken for granted that ordinary chimneys can- 
not be too high for obtaining a good draught. 

It is usually considered that the larger the area of 
the chimney the better the draught, but this is not 
always the case with lofty chimneys where the gases 
can cool dovon too rapidly in a chimney of large section, 
and it has been found in several instances that when 
chimneys are very large for the number of boilers they 
serve, or for the quantity of coal burnt, as when a 
chimney is built to serve for future additions to the 
boiler power, the draught is improved by the better 
maintenance of temperature as additional boilers are set 
to work. When the area of the chimney is much larger 
than the aggregate area of the flues debouching into it, 
the diminution of friction and the expansion of the hot 
gases into a large area are favourable for the improve- 
ment of the draught. But the velocity of the ascent of 
the heated gases may be very much diminished, and in 
extreme cases, where the ascending current does not 



28 


BOILER AND FACTORY CHIMNEYS. 


fill the chimney, so to speak, downward currents of air 
will be produced, especially with the wind in certain 
directions, to the impairment of the draught. 

The effect of this may be seen in the lazy ascent of 
smoke from such chimneys, which are usually blackened 
at the top, and for some distance downwards. In a 
strong wind the smoke may be seen clinging to the 
leeward side of the chimney. 

On the other hand, if the section be too small in 
proportion to the aggregate section of flues and fire- 
grate, the loss of force will be considerable, and can 
only be slightly increased by increasing the tempera- 
ture of the escaping gases, which, as a rule, will be 
adverse to economical fuel consumption. 

In practice it is found that with a lower pressure 
than half an inch of water it is difficult to keep a good 
fire without continual stirring, which is very wasteful, 
and produces smoke. 

There can be no doubt that in still weather the 
height of the column of hot gas exceeds that of the 
chimney when the current of gases ascends beyond the 
summit, and with certain winds, when the shape of 
chimney top is favourable, the current of air will tend 
in many cases to increase the draught beyond that 
measured by the height of chimney. On the other 
hand, the shape of chimney-top may bo such that the 
draft may be diminished in high winds, unless the wind 
blows direct into the ash-pit. 

It is also known by experience that with certain 
states of the atmosphere, although the water-gauge may 
show a good draught, the fires do not burn briskly, in 
spite of the quantity of air with which they are supplied. 
The air appears to be comparatively dead when it blows, 



CHIMNEY 


/T' — ^ 

T5l library 

especially in the summer, a\mpwhen it has prevailed 



from the south. It is not el^-sstb^ccount for this. 
The direction of the wind is 

indeed can it he expected to be, sincenr^bl^^m Wharlif 
and may be a south wind in one part of the island and 
a north wind in another part ; yet it is certainly not a 
characteristic north wind that is found to affect the fires 


adversely. 

The temperature of the escaping gases is usually 
ascertained by attaching small pieces of the following 
metals about 1 " long and 5 - inch square to a wire, and 
introducing them at any desired point in the flues or 
chimney, the time required to melt them being noted. 
The melting point of zinc is 700° Fahr. ; of lead, 630° ; 
bismuth, 493°; and of tin, 426°. When introduced 
into the flue behind the damper of Cornish and Lanca- 
shire boilers of moderate draught, it has been found 
that tin melts almost immediately, bismuth in about a 
minute ; lead melts after a short time when the fires 
are clear, but zinc does not melt under any circum- 
stances. It may therefore be assumed that 600°, or 
about the melting point of lead, is the average tempe- 
rature of the escaping gases when the boilers are at 
work. This shows that the loss of heat is very consi- 
derable, and it may be approximately calculated as 
follows : — Taking the quantity of air used as about 
21 lbs. per lb. of fuel, we have (see p. 253 of “Treatise ”) 
the weight of the products of combustion of 1 lb. of coal 
multiplied by the specific heat of the mixed gases 
= 3-053, and the remaining 9 lbs. of air multiplied by 
its specific heat '238 = 2-142. Adding these two pro- 
ducts together, we have 5-195, and multiplying 293°, or 
the elevation of the temperature of the gases above the 
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boiler at 60 lbs. pressure, we have 15320 units of heat, 
onnivalent to 15 lbs. of water evaporated per lb. of 
taking the total heat of combustion at 2750° 
iuoo is equal to 10 per cent, compared with the 
lit that would be obtained if the hot gases escaped 
xt the temperature of the boiler. 

In the table facing the title-page the sizes of chimneys 
and flues required for various consumptions of fuel and 
sizes of boilers are given. In the second column we have 
the number of lbs. of coal per hour for the consumption 
of which a chimney of given height and area is suitable. 
Suppose we have two boilers, each having 35 sq. ft. of 
grate area, burning 12 lbs. of coal per sq. foot of grate 
per hour, equal to 840 lbs. of coal per hour, then, by 
column 2 a chimney 90 feet high should have the 
area at smallest part about 840 -s- 135 = 6 sq. feet, 
that is, about 2 ft. 6 in. square, or 2 ft. 9 in. diam. In 
columns 4, 5, 6 and 7 the horse-power of different areas 
of chimney, and the areas for different horse-powers are 
given. The somewhat meaningless term, horse-power, 
as usually applied to chimneys, is here reluctantly 
adopted in deference to the practice which still appears 
likely to survive a long time in this country, of esti- 
mating the capability of boilers by' their horse-power. 



CHAPTER II 


} 

STABILITY - OF CHIMNEYS. 

When the proper height and size of chimney have 
been decided upon to ensure a sufficient draught 
for the furnace, and also to satisfy the sanitary require- 
ments of the case, the designing with respect to orna- 
mentation, beauty of outline, and harmonising with 
surrounding buildings, belongs to the architect rather 
than to the engineer ; but the design, so far as the 
stability of the structure is concerned, still lies within 
the engineer’s province. The principles of stability 
have been laid down by Professor Rankine, who, up to 
the time of his death, was regarded as the first 
authority on this subject. 

In estimating the safety and stability of a tall 
chimney shaft, the strains to be considered are — 1st, 
the pressure exerted by the weight of the masonry or 
brickwork ; and 2nd, the lateral pressure of the wind. 

In order to resist the former strain, the best form of 
structure is that which gives an equal pressure per 
square unit of area in every section or “bed-joint.” 
Taking, for simplicity, a solid cylinder, the weight 
evidently increases from the top downwards. This 
increase of weight must therefore be provided for by 
an increase in the sectional area as we descend. But 
this very increase of area augments the rapidity of 
growth of the mass as we descend, and the sectional 
area below must be further increased in consequence. 
For a structure whose centre of figure is the same as 
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its centre of pressure, this law of increase may be 
deduced with the aid of the differential calculus as 
follows : — 


Let W = weight of top layer of chimney, 

A = area of top section, 

k = coefficient of safety (for brick say 10 tons 
per square foot), 

c = weight of cubic foot of brickwork, 
a = any given section at distance h from the 
top, 

e = basis of natural logs = 271828 : 


then W ~ A h or A which gives us the first 

k 

sectional area from the top to resist crushing. Any 
other section can be found by the formula 

a = Ae{ k 


or log a = log A + 0 '4343 Sh. 

k 

This formula applies also to hollow cylinders or cones 
having a straight batter inside. 

It is evident from this formula that the outline of 
the structure will be a logarithmic line, practically 
straight at the top, and increasing in concavity as it 
approaches the bottom, giving what is called a “ hollow 
batter.” For ordinary chimneys 100 ft. high the amount 
of concavity required is not worth considering. For 
tall shafts, 300 ft. high and over, it is sometimes used. 
There is, however, this great advantage in using a 
straight batter instead of the theoretically correct hollow 
batter; viz., the accuracy of the construction can be 
detected at any stage at a glance of the eye without 
the aid of instruments. Yet it must be conceded that 
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the hollow hatter is much more shapely, and may be 
worth the extra expense of building. 

In a chimney made of blocks of stone or brick sepa- 
rated by plain joints, where there is no lateral pressure, 
the conditions of stability are — 1st, that no joint shall 
be inclined to the horizon at a greater angle than that 
of repose, which in this case may be taken at 36|° ; 
and 2nd, that in any given bed-joint the centre of 
downward pressure, or point which is vertically below 
the centre of gravity of the superincumbent mass, shall 
not depart from the centre of figure of the joint more 
than a certain distance, which for round chimneys may 
be taken at the diameter of the joint, and for square 
chimneys J the length of the joint. 

In order to he able to Calculate the strains caused by 
the lateral pressure of the wind, we must first consider 
the manner in which the chimney will fail by this 
pressure. 

If the joints between the blocks of the material 
composing the structure had any tenacity such as the 
riveted or bolted joints of wrought or cast-iron, or of 
brick or stone held together by wrought-iron cramps, 
or by cement of a strength equal to that of the material 
it joins, the structure should be considered as one piece, 
and its strength determined by an investigation based 
on the theory of the strength of materials. But chim- 
neys are usually made of brick or stone, the blocks of 
which, laid in mortar, touch each other at their joints, 
which are flat surfaces, held together by pressure and 
friction, but not by tension, so long as the mortar is 
fresh, and on this basis the stability ought to be con- 
sidered. Even a year after mixture, the strength of 
good mortar is only about 50 lbs. per square inch, and 
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a large proportion of failures of chimneys have occurred 
before the mortar has had time to set, which shows 
that the strength of the mortar should never he taken 
into account in designing a new chimney ; but for old 
chimneys the strength of the mortar may also be con- 
sidered, and taken at 8000 lbs. per square foot when not 
less than eighteen months old. In cases where chimneys 
have been sawn to restore them to the perpendicular, 
and the joints have not been properly remade with 
mortar or cement, the weight of the chimney can alone 
be depended upon for its stability. 

In designing a new chimney, we may then disregard 
the tenacity of the mortar, and consider the chimney 
as being simply set upon its foundation and held down 
only by its own weight, upon which alone it is depend- 
ent for its stability. The moment of stability for a new 
chimney at any point is evidently half the diameter of 
the bed-joint, B,, at this point, x the weight, W, of the 


chimney above this joint, or W X 


B 

2 ' 


For an old chimney, if we make the solid area in 
square feet at the joint = B,, we have the moment of 

stability = (W + B, X 8000) 2. 

A 


The lateral pressure of the wind may be assumed to 
act horizontally, and to be of uniform intensity at all 
heights above the ground. The greatest intensity in 
this country, against a flat surface directly opposed to 
it, used to be taken by Bankino at 55 lbs. per square 
foot, but in 1868 the pressure of the wind at Liver- 
pool was registered at nearly 80 lbs. per square foot, the 
highest ever known in this country. For new chimneys 
the pressure of the wind may still be taken at 55 lbs. 
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The inclination of the surfaces due to the batter or slope 
of the chimney is usually not sufficient to be taken into 
account in estimating the pressure of the wind against it. 

A circular chimney may be considered as cylindrical 
in plan, and the total effect of the pressure against the 
side of a cylinder may be taken as being equal to one- 
half the total pressure against its diametral plan, or 
against the side of a square chimney of equal diameter, 
which for the strongest 
winds gives us 40 lbs, per 
square foot. This result 
is arrived at thus : Let 
AB=p, the force of the 
wind (in fig. 2) in a direc- 
tion parallel to the diame- 
ter, X Y, of the chimney. 

Resolving A B into its 
component parts at right 
angles, and with one of 
them, B D, as a normal to the curve at the point B, we 
have B D as the measure of force exerting pressure 
towards the centre of the chimney, and BD = p sin 
[_ A B D. We have now to resolve this force again to get 
the component as measuring the effective pressure in a 
direction parallel with that of the wind, whence we 
have p sin' 2 /_ABD. Taking a number of points 
affected by the wind, the mean sine of the arcs will be 
about '75. The square of '75 = '56, whence the mean 
effective pressure on the scmicircumference = p '56. 

If the pressure on a square chimney bo taken 
that on an Hexagonal chimney may be taken 
,, Octagonal ,, ,, 

,, Circular ,, ,, 


= 1 - 
= 0'75 
= 0-65 

- 0-5 


Fig. 2. 
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Let S = the area in square feet of the vertical section 
through the middle of the portion of the chimney above 
the base or joint B 0 (fig. 3), then for a square chimney 
the total pressure P against the side=y> S,and for a round 

S 

and octagonal chimney P = p~. The resultant of this 

Zi 

pressure may be considered to act in a horizontal line 
Fig. 3. through 0, the centre of gra- 

vity of the vertical diametral 
section. This centre of gra- 
vity may be found thus : let 
AB C D in fig. 4 represent the 
vertical section of a chimney or 
division of a chimney. Draw 
the diagonals B C and A D. 
— On C B mark off C E = 0 B, 
and bisect A D in F. Join 
E F, then the point where 
E F cuts the centre line of 
the figure is the centre of 
gravity. Let IT = the height 
of this centre O above the 
— joint B C in fig. 3, then the 
moment of pressure is IT P 
— Hy>S for a square chim- 
ney, and H P = ^ 

for a round or octagonal 
chimney, and to this mo- 
ment of pressure •“ the lead 
moment of stability ” of the portion of the chim- 
ney above the joint or base B C should be equal. 

B 

A balance of moments will exist when Ii P = W- , in 

2 
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the case of a new chimney, or HP = (W + X 8000) - 

2 

for an old chimney. To ensure stability, it is evident 
the moment of stability must exceed the overturning 
moment. In • practice a factor of safety of 2 is suffi- 

B 

cient to use, whence we have HP x 2 = W-, or 

A 

(W + B, X 8000)?. 

A 

It is advisable to describe these forces graphically, as 
in fig. 3. Draw the vertical line O G L 
through the centre of gravity G of the 
chimney, or of the division above the joint 
in question, as may be required. Let O 
be the centre of pressure against the side. 

Set off O K equal to P and O L = W. 

Complete the parallelogram, and join O R 
then when the line O R crosses the base 
or joint B C at a distance of ^of B C from 
the centre O L, the chimney is sufficiently 
stable to prevent overturning. 

It may be considered that the lines of 
resistance in a square and circular shaft 
of the same height are very nearly iden- 
tical in shape and position when the 
diameter and sides of the square arc 
respectively equal. This is in consequence of the round 
chimney, although containing less material, being sub- 
ject to less pressure. 

The manner in which a chimney yields to the 
pressure of the wind is, however, by the opening or 
cracking of one of the bed joints at the windward side, 
without completely overturning. This opening gradu- 
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sxtends, in a more or less regular zig-zag course 
aally downwards towards the lee side. The 
ete destruction eventually takes place, either 
e shifting of the upper portion past its support 
, or by the crushing of the brick- work at the lee 
>y the too great pressure concentrated there, of 
my cases, from both causes acting together, and 
cases the upper portion of the chimney falls to 
inside and out, filling the interior of the portion 
anding. 

3 resistance to the horizontal shifting of a bed 
is due to the friction of the horizontal faces of 
neks of stone or brick, and is called “ frictional 
ty,” whose amount at any given joint is the pro- 
of the vertical load on the joint into the coeffi- 
of friction, which for masonry and brick-work 
lamp mortar, is about 074. 

3 tendency of the wind pressure being to open 
ed joint at the windward side, and to crush the 
ial at the leeward side, or to overturn the struc- 
ibove the joint in a plane parallel with the 
ion of the wind, it is evident that the centre of 
mce of the structure will be moved towards the 
le. 

ias been found by experience necessary to limit 
eviation of the centre of resistance from the centre 
ire, so that the maximum intensity of pressure 
leeward edge shall not exceed twice the mean 
sity. Denoting by q the ratio which the distance 
s deviation bears to the diameter of the joint j, 
ve 

)r round chimneys q = J- the dia. of the joint, 
ir square „ q = \ 
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The moment of stability of a chimney at any given 
bed joint is the product of the weight of the structure, 
or of the weight of the structure plus the tenacity of 
the mortar as the case may be, above that joint into 
the horizontal distance qj. If the axis of the chimney 
be vertical, as in fig. 3, the limiting distance q j, for 
the centre of pressure will be the same in all directions. 
But most chimneys are found to have their axes not 
quite vertical, and the least Fig. 5. 

moment of stability is evi- 
dently that which resists the 
pressure in that direction to- 
wards which the axis of the 
chimney leans. In estimating 
the stability of existing chim- 
neys this must be taken into 
account. In figure 5 let G 
be the centre of gravity of 
the structure above the joint 
A B = j, and let E be a point 
in the joint vertically below it, 
and let q' j = the distance of 
the point E from the middle 
of the joint j, then the least 
moment of stability is denoted 
by W x E F= (q — q) W j, F being the limiting position 
of the centre of resistance of the joint, all dimensions being 
in feet, and being taken at 55 lbs. for new chimneys. 

Then for round chimneys. 



and foi' square chimneys 

h » S = Q. - </\ W j. 
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these equations the following are deduced foi 
Let t = mean thickness of brickwork above 
BC,m = the weight of 1 cubic foot of brick - 
112 lbs. as a rule, d = mean outside diameter 
iy, then we have approximately — 


or round chimneys, W = 3T4 wt, ( —g— ') 
or square chimneys, W = 4 wt. 


ng these values in the equations just given, 
ihe following formula which will be found 


nd chimneys, H_p = (1 '57 - 6-28 q')wt. ^ j. 

are chimneys, II jp = - 4g'j wt. 

ve require to know the mean thickness of 
for a new chimney, the form and dimensions 
en, we have the following tentative formulae, 

3 being multiplied by .. for the actual 


d — t 


when t is so found. 


t = -I — L _ for round chimneys. 
1*57 ioj 

t — tor square chimneys. 


side diameter of the chimney at the ground 
1 not, as a rule, be less than T ' u tl] the height, 
r varies from 1 in 60 to 1 in 10 : 1 in 24 is 
ion. 

aey shaft is made up of a series of steps or 
>ne above the other. Each stop is of uni- 
ncss, but as we ascend, each succeeding step 
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is thinner than that which it rests upon, so that the 
bed joints between the steps, where the thickness 
changes, have less stability than the intermediate bed 
joints, and it is only these former to which it is 
necessary to apply the formula in determining the 
strength and stability of the structure. 

The height of the different steps of uniform thick- 
ness varies greatly according to the judgment and 
practice of the architect or builder, and the custom in 
different districts. 

If we take the safe load that can be borne by good 
brickwork, at 20,000 lbs. per square* foot, and the 
weight of brickwork with little mortar at the joints at 
115 lbs. per cubic foot, we have 20,000 115 = 170, 

approximately, as the extreme height in feet, we should 
make any single division, or length, of uniform thick- 
ness. This length is very seldom approached even in 
the tallest shafts, as the brickwork has also to bear 
the weight due to force of wind acting against the 
opposite side of chimney, in addition to the chimney 
itself. The steps, or courses, should not exceed 90 feet 
in height, except in cases where the chimney shaft is 
inside a tower which protects it from the wind. In 
chimneys from 90 to 120 ft. high, the lengths vary 
from 17 to 25 ft., the top height being 1 brick thick ; 
in chimneys from 130 to 150 ft., the lengths are from 
25 to 35 ft.; in chimneys from 150 to 200 ft. the 
lengths are from 35 to 50 ft. the top length being H 
brick thick, and in very tall chimneys, that is, from 
200 to 300 it., and over, the lengths vary from 50 to 
90 ft,, the thickness of top length being H bricks. 

* As the crushing strength of ordinary brickwork is much less than 
90 tons to the square foot, the .strength of the bricks used in very high 
structures should he ascertained by experiment. 
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The binding of the masonry * is often increased by 
laying at intervals hoop-irons, tarred and sanded, in 
the bed joints, the ends being turned down into the 
side joints. The length of the hoop-iron in each joint, 
should be twice the circumference of the chimney at 
that part. 

Forge chimneys are often strengthened by strong 
bands of wrought iron, placed at intervals outside ; but 
these are not necessary for boiler chimneys. Some- 
times strong hoops about 3 " x are built in at 
intervals of 12 to 18 feet, to prevent cracks, but unless 
the chimney is provided with a very efficient light- 
ning conductor, these masses of iron are apt to prove 
dangerous during a thunder-storm. 

It is usual, and expedient, to protect the inside of 
the chimney with a lining of fire brick. For forge and 
ironworks’ chimneys, where the gases escape at a 
very high temperature, the lining should be carried 
all the height. If care be taken to heat the chimney 
gradually for the first time of working, and subse- 
quently, when it has been allowed to become cold, it 
is not necessary to have an air space between the fire- 
brick lining and the shaft proper. In this case the 
lining may be included in the thickness of brickwork 
necessary for the strength and stability of the shaft. 
The firebrick lining may then be bonded into the other 
brickwork in the ordinary way, the thickness of the 
lining being | brick in the upper portion, and 1 brick 
in the lower portion, and should be laid in (ire clay, and 
not in mortar like the other brickwork. 

* The bond usually adopted is 1 course of headers to 4 of stretchers. 
In circular chimneys a uniform bond for the outside course of brickwork 
is sometimes rec lessly adopted. 
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In boiler cliimneys it is, however, unnecessary to 
carry the lining all the way to the top. In small 
chimneys, under 100 feet high, it may be carried one- 
third, or one- half the way up, and in chimneys of great 
height, the lining need not be carried higher than 
from 50 to 80 feet, according to the height of the 
chimney shaft. 

An arrangement often used, is to carry the lining up 
parallel, that is, without taper, and to let the outside 
shaft meet it at a very acute angle. This leaves an air 
space between the lining and the main body of the 
shaft, which should be provided with air holes, com- 
municating with the external atmosphere, but carefully 
sealed from communication with the inside. This 
caution is necessary, because when the gases that 
pass through the flues have access to the air space 
round the lining, there is always a risk of damage 
being done by the explosion of inflammable mixtures 
of gas and air that may collect. It is, therefore, 
advisable, when an air space is provided, not to allow 
any communication between it and the inside flue, 
consequently the plan of leaving the air space open to 
flue at top, so often done, cannot be recommended. 

It is, however, perhaps, best to dispense with the 
air space altogether, as the difference between the 
temperature of the portions of the chimney above and 
below the top of the air space, renders the masonry 
liable to fracture at this part, and many chimneys may 
be found so fractured without the actual cause being 
suspected. 

Tn erecting a chimney, care should be taken that the 
building is not proceeded with too rapidly. It is 
sometimes restricted to a rate not exceeding G feet a 
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day in height. It is advisable to build chimneys when 
the work can be most steadily proceeded with. When 
the structure is built up too rapidly, and the mortar 
has not time to set, a gale of wind is liable to press 
the chimney over to one side, where it stays — the 
compressible nature of the mortar offering little or no 
resistance. Consequently, the less mortar used the 
better. Cement, owing to its crumbling when ex- 
posed to a high temperature, cannot be recommended 
except for the top of the chimney, where it may, how- 
ever, be usefully employed. Grouting should, as a rule, 
not be attempted. 

In order to gain admission into flues and chim- 
neys, many engineers and architects make doors 
in the sides or crown of the horizontal flues leading 
to the chimney. A much better plan, however, is to 
make an arched opening at the bottom of the chimney, 
or in the pedestal, at one side of, or opposito the flue 
entrance. This opening can be readily built up air 
tight. Such a provision in the chimney may be re- 
quired for introducing a fire of wood and shavings, to 
cause the boiler fire to draw on first lighting up, after 
the flues have been allowed to become cold and damp, 
especially when they descend to the chimney. This 
opening would be of service when it is advisable to 
make experiments on the draught, which are too often 
ovei looked, but which may be of great service in de- 
tecting a falling off in the draught, and lead to the 
detection of air leakages, and other defects that may 
operate strongly against the economical or efficient 
working of the boilers. 

With respect to the best position for the dampers for 
regulating the draught, apart from all consideration of 
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economy and efficiency, it is most convenient to have 
them at the end of the external flues of the boilers, or 
between the boiler and the chimney. The dampers are 
therefore generally so placed, but this is the least 
advantageous position for preserving the temperature 
in the flues and chimney, and the energy of the draught, 
which would be best preserved at meal-times and over 
night, by placing the damper on the top of the chimney. 
Here, however, it would not keep the flues under the 
boiler so warm as when placed in its usual position 
behind the boiler, and the effect would be felt in 
lighting up on Monday mornings. 

Dampers at the ashpit might be used with some 
advantage in maintaining the temperature of the boiler 
flues. 

The depth and area of the foundation will depend 
very much upon the nature of the ground upon which 
the chimney is built. In many cases where chimneys 
are built on the banks of a river, and other places where 
the upper strata are of alluvial clays, soft silts and 
made ground, it is necessary to go to a depth of 25 or 
30 feet, or even more, to reach a good stiff clay, hard 
sand or rock. This depth below the surface is exca- 
vated and filled in with concrete in various ways, or 
piled, according to the practice of the locality, or judg- 
ment of the engineer, so as to economise material with- 
out risking unequal settling of the structure, which 
cannot be too carefully guarded against, as it has often 
led to the failure of the chimney. 



CHAPTER III. 

DESCRIPTIONS OP CHIMNEYS. 

The following account of some of the largest brick 
and stone chimneys that have been built may be of 
interest. The highest chimney is at Mr. Townshond’s 
Works, Port Dundas, Glasgow ; and it is, with the 
exception of the spire at Strasburg, the Great Pyramid, 
and the spire of St. Stephen’s at Vienna, the loftiest 
building in the world. It is circular in section, and 
rises to a height of 454 feet from the ground. The 
foundations are laid 14 feet below the surface on a bed 
of stiff clay, mixed with pebbles, and consist first of six 
courses of hard brick on edge, covering a circular area 
of 47 feet in diameter, diminished by outward “scarce- 
ments” to a diameter of 44 ft. Over this solid sub- 
stratum the foundation proper consists of twenty-six 
courses of brick also on edge, diminished by scarccments 
on both sides from 2T 9" to 8' 6" thick. At the sur- 
face the outside diameter is 32 ft., with walls 5' 3" 
thick (6^- bricks). There is an inside lining of firebrick 
carried up 50 feet, with an air space round it. At the 
cope the outside diameter is 12" 8', with 14 inch walls, 
the total height of the building being 4G8 feet. The 
thickness diminishes by half a brick every step. There 
are six steps ; the first of 40 ft., then four of 80 ft., the top 
step being 94 ft. The outside batter is straight from 
bottom to top. The point of least stability is at top of 
second step from the ground. 
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In. Glasgow there is also the celebrated chimney at 
the works of Messrs. Tennant and Co., St. Rollox. 
From the base of foundation to the top of chimney it 
measures 455§ feet. The section above ground consists 
of five steps, — 54, 60, 96, 140 and 85 ft. in height. 
Commencing from the ground the thickness of wall at 
ground is four bricks ; and diminishing half a brick at 
each step, being two bricks thick at top. The outside 
diameter at ground level is 40 feet, and at summit 
13' 6". The point of least stability is at top of third 
step. The foundation is 50 feet square, and 20 feet 
deep. The inner chimney is a cylinder 16 feet diam., 
and 260 ft. high. It is not connected with the outer 
one, but nearly touches it at the top. The weight of 
the chimney is estimated to be about 7,000 tons. 

In Halifax, at Messrs. Crossley’s, Dean Clough Mills, 
there is a large octagonal chimney of stone. Its height 
when built was 381 feet, but some of the top was 
removed on account of the immense weight at the 
foundation. The width at the bottom is 30 ft. Nearly 
10,000 tons of brick and stone were used in the erection, 
being considerably more than the weight of Messrs. 
Townshend’s chimney in Glasgow. 

The tall brick chimney at the Edinburgh Gas Works 
is 341^ feet from the bottom of the foundation. The 
shaft is circular, 264 feet high, and built in steps of 35, 
40, 48, 58 and 83 ft., commeneing from the base, which 
is 3| bricks thick, the highest being 1£ bricks. The 
inside diameter of shaft is 20 ft. at base, and 11' 4" at 
top. The foundation and pedestal, which are square, 
are of stone, 77| ft. high. The cost was nearly £5,000. 

At Huddersfield there is a tall circular chimney at 
Messrs, Brooks’s Fireclay Works. It measures from 
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the foundation 321 ft., and rises 306 ft. clear above the 
ground. The base at the foundation is 36 ft. square. 
At the ground line it is 31 ft. and at the summit 
11 ft. diameter. The flue is 14 ft. diam. at the bottom 
and 9 ft. at the top. 

In Bradford, at Messrs. Mitchell Bros.’ factory, there 
is an octagonal stone chimney, that rises 300 feet above 
the ground. The foundations consist of two courses of 
concrete 22 ft. and 21 ft. square by 12 inches thick 
each, resting upon the rock. It measures 20 ft. across 
at the foundation and 9 ft. at the summit. 

At the West Cumberland Haematite Iron Works, 
there is a circular brick chimney, designed by Prof. 
Rankin e, 251 feet above the ground, with 17 ft. foun- 
dation below. Inside diameter of basement is 18 ft. 
10 in. Inside diameter of the four circular archways 
for flues, 7 ft. 6 in. Outside diameter at top of cone, 
15 ft. 3 in., and 1£ brick thick ; outside diam. at 2 ft. 
above bottom, 25 ft. 7 in. ; outside diam. of square 
basement, 30 ft. X 30 ft. ; outside dimensions of foun- 
dation course, 3.1 ft. 6 in. ; outside dimensions of con- 
crete, 34 ft. 6 in. sq. There are three steps, the two 
uppermost being 80 ft. each, whilst the bottom one is 
88 ft. high. At summit the thickness is 1^ brick ; at 
bottom of lowest step, 2 ft. above the ground, 2£ bricks, 
increasing by courses four bricks in order to spread the 
pressure. The cost was £1,560. 

The well known chimney of the Shell Foundry at 
Woolwich Arsenal is 223 ft. 9 in. above the ground, 
with 16 ft. of brickwork below, making 239 ft. 9 in. 
above the bed of concrete. The base above the ground 
is 20 ft. square, with plinth and cornice, 27 ft. high, on 
which the octagonal shaft is erected. It is 16 ft. 9 in. 
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diam. at base, and 6 ft. 6 in. at top. The walls are 
2 ft. in. thick at bottom of shaft, and are reduced by 
steps of 37| ft. 4| in., the top step of 26 ft. being 9 in. 
thick. The uppermost 9 ft. is bell-mouthed, and built 
in cement. The Portland stone cap weighs about 
17 tons. 

Perhaps the tallest square chimney in this country is 
that at the Camperdown Linen Works, near Dundee. 
This chimney, or rather tower, rises 282 feet from the 
ground. It is somewhat in the Italian style, and is 
built of variegated brick. At the summit of the tower, 
which is 230 ft. high, constructed in panels, there is 
a balcony, above which the shaft is octagonal. The 
thickness of the walls at the ground is 5 fc., at the bal- 
cony 2 ft. 6 in., and at the top 18 inches. This tower is 
quite distinct from the chimney proper, which is circular 
in form, 14 ft. 6 in. diam. at base, and 13 ft. 3 in. at top. 
Its thickness is 18 in. from ground to first panel ; 14 in. 
from this to the balcony, and 9 in. from balcony to 
summit. The tower is 24 ft. 6 in. sq. at the ground, and 
20 ft. sq. at the balcony, above which it tapers gradually 
to the summit. The weight is about 5,000 tons, and 
the cost is said to have been about £6,000. 

At Messrs. Lister’s, Manningham Mills, Bradford, 
there is a lofty square chimney, 249 ft. high, with 
panelled sides, and circular top. The inside of the 
square at ground is 10 ft., gradually increasing to 11 ft. 

At Connah’s Quay, Chester, there is another lofty 
square chimney, 245 feet high from the ground. The 
size inside is 17 ft. 6 in. at base, and 7 ft. at top. Its 
cost is said to have been but little over £2,000. 

Besides the circular, octagonal, and square forms 
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generally used, there are a few peculiar shapes some- 
times met with. 

With a view to get a parallel flue from bottom to top 
without using an inside shaft, the walls of a square 
chimney may be carried up in one thickness about 
150 ft. high, and 14 inches thick. In order to obtain 
stability two buttresses are run up at each side, tapering 
to nothing at the summit. There is a chimney of this 
kind at the South Metropolitan Gas Works. 

Some chimneys have been built, having a section 
like an eight-pointed star, the inside being octagonal or 
circular, with or without inside lining, or air space. 

Iron chimneys are seldom used except for small boilers, 
and are usually of small dimensions, and made circular. 
A few, however, have been erected within the last ten 
years of considerable dimensions. There are two at the 
Creusot Works in France. One is 197 ft. high, 4 ft. 3 in. 
dia. at top, and 10 ft. at bottom. It is constructed with 
a hollow batter, and is firmly bolted to masonry work 
just clear of the ground. It was riveted together 
horizontally, and lifted into its place with a crane. 
The thickness of the plates is in. at top, and TV in. 
at bottom. Its weight is 28 tons. 

There is a still larger chimney at Creusot, of which a 
description will be found in “ Engineering,” vol. xiii. 
It is 279 feet high, 7 ft. 6^ in. dia. at the top, 22 ft. 11| in. 
at the bottom, and weighs 80 tons. It is built also 
with a hollow batter, and is held by bolts and a strong 
angle-iron ring, to a mass of masonry weighing about 
300 tons. Its cost was about ill, GOO. 

The experience in such chimneys is not yet sufficient 
to enable us to judge with any degree of certainty of 
their durability. It is, however, certain that with some 
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kinds of fuel, in spite of careful painting and paitial 
lining with brickwork, their destruction will be very 
rapid, and the adoption of iron chimneys can only be 
recommended where the cost of brick and stone precludes 
their adoption. 

A brick or stone chimney, substantially built, and 
with a fair margin of stability, will last many gene- 
rations, whilst an iron chimney of moderate thickness 
cannot bo depended upon, in many cases, to last more 
than forty or fifty years. 

THE SHAPE OF CHIMNEY TOPS. 

Although the position and surroundings of the fur- 
naces, with respect to the direction of the wind, have a 
very decided influence upon the draught, and may out- 
weigh any small advantage that one chimney top may 
have over another, yet it must be admitted that the 
shape of the top has a perceptible influence in promoting 
or retarding the draught when a strong wind is blowing. 

Some chimneys, which are not excessively wide, have 
a better draught in all high winds, which may be ac- 
counted for by the arrangement of the boiler-house, its 
surroundings producing a greater pressure of air at the 
furnaces when a gale is blowing. In some arrange- 
ments a gale from a certain quarter may have an 
exhausting action, tending to draw the air from the 
furnaces, whilst a gale from the opposite quarter tends 
to increase the pressure at the furnaces, and so improves 
the draught. 

With a plain or “ bluff” top, a strong wind may act 
partially as a damper, as may sometimes be seen by the 
action it has upon the column of smoke as it issues 
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from the chimney. The wind not only flattens the 
escaping column, but it also tends to produce down- 
ward eddies, especially in very large chimneys. There 
is often evidence of the downward eddies on the outside 
in the blackened appearance of the masonry on the lee 
side of the chimney. But as the wind, striking against 
a bluff top tends to rise vertically in the first place, and 
clear the windward side of the chimney at a short dis- 
tance above it, this shape is decidedly better than that 
of some of the tops so often seen, which are concave at 
the rim and convex at the orifice, and appear to be 
designed to guide the wind right into the chimney and 
check the draught. A better shape for an open top is 
concave towards the orifice, so as to give the wind an 
upward direction, whereby the tendency will be rather 
to promote than check the draught. 

When there is both an inner and outer shaft, the 
design for deflecting the current of air upwards can be 
carried out to the greatest advantage. The top of the 
inner shaft should be stopped off a few feet below that 
of the outside shaft and surmounted by a concave 
deflecting cap, from which the currents of air admitted 
through suitable openings in the outer shaft are deflected 
upwards and not only prevent any downward eddying, 
but tend to induce an exhausting action in the inner 
shaft, and consequently to promote the draught. At 
the same time the top of the outside chimney should be 
surmounted with a concave deflecting cap. 

It appears strange that in the endless variety of 
designs for chimney caps, in the case of a single shaft, 
advantage has never or very seldom been taken of the 
opportunity to make the cap hollow, and in such a 
manner as to cause an induced current upwards on the 
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same principle as that lust mentioned for a double 
shaft. 

Some very shapely chimney caps are made concave 
below and convex above ; were they made concave both 
above and below they would have the best form for 
splitting the current of wind, and so prevent it from 
interfering with the draught. 

Covered tops of a pyramidal shape, having vertical, 
tapered openings at the corners, have been used with 
decided advantage. By this arrangement the wind can 
blow into only one or at most two of the openings at 
once, leaving the others free to discharge fully. The 
sum of the areas of the openings should in this case be 
considered as the size of the orifice of the chimney. 
When practicable, the openings should be so arranged 
that when the wind is blowing from the chimney to the 
furnaces, it does not tend to blow down any of the 
openings, or, in other words, one side of the top should 
face the furnaces when these are behind the chimney. 

The cost of chimneys varies within very wide limits. 
A few years ago chimneys up to 90 feet high could be 
built in the Midland Counties in a certain style for £1 
per foot, but a more usual cost is from £2 to £2 10s. 
per foot, for chimneys up to 100 feet high. As much 
as £22 a foot has been paid for some of the ornamental 
tall towers with inside shafts. 



CHAPTER IV. 


CHIMNEYS — LIGHTNING CONDUCTORS. 

There are many engineers at the present time who 
argue that lightning conductors are useless, or even 
worse than useless ; hence the number of tall chimneys 
seen unprovided with lightning rods in various parts of 
the country. 

The destructive effects of lightning are much more 
frequent and ruinous than is generally supposed. 
Whilst some twenty cases could be quoted where 
lightning has fallen on unprotected powder magazines, 
and caused their explosion, killing thousands of people, 
and laying whole towns in ruins, it may be questioned 
whether a single case can be cited of a powder maga- 
zine being struck, that was properly protected by a 
lightning conductor. 

The causes of the widespread disbelief in conductors as 
a means of preserving chimneys and other lofty buildings 
against the destructive action of lightning, are : — 

1. The opinion commonly held, and often where we 
should least expect to find it, viz., that metallic bodies, 
especially when pointed, attract lightning, and are 
therefore dangerous. This opinion is probably due to 
the fact that during thunderstorms luminous points 
have often been seen on spires, vanes, ship’s masts, and 
other elevated metallic bodies. The glowing appear- 
ance here spoken of is unattended by any heating 
effects, and is harmless. 
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This phenomenon, like some othe 
spheric electricity, is due to the higiuj v. 
trical condition of the clouds and atmosphere, 
at once concluded that these bodies have a O U wi 

attractive force for electricity over all others. Now 
metallic bodies, whether pointed or not, have no more 
power of attracting or drawing the lightning to them 
than non-inetallic bodies, and it is the confusing of the 
apparent with the actual attractive force, or erroneously 
concluding that metals arc good attracters because they 
are good conductors, that has brought about the misun- 
derstanding on this point. Now in no case can it be said 
that the conductor attracts the lightning in the active 
and adverse sense which is here implied, and in which this 
term is often used. On the other hand, the conductor 
acts, especially when its top is pointed, in preventing 
the prominence to which it is applied from becoming 
highly electrified by induction , and in so much actually 
prevents the structure from attracting the cloud that 
electrifies it. On an electrified cloud passing over a 
pointed conductor, the opposite and induced electricity 
of the earth is discharged from the point of the con- 
ductor, and the cloud and air are often thereby neu- 
tralised without producing lightning at all. But when 
a discharge does take place the duty of the conductor 
is entirely passive : by offering a line of comparatively 
small resistance, it determines the direction of the dis- 
charge, which is not, however, in the first place brought 
about by the presence of the conductor, or, what more 
often happens, the presence of the uninsulated pointed 
conductor, by its peculiar property, prepares the resist- 
ing air in such a manner that the current of electricity 
is discharged quietly and without violence or a flash of 
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lightning. Should, however, the electrified clouds be 
driven to the erection, by the winds in such masses that 
the opposite kind of electricity does not stream away 
from, the point of the conductor in sufficient quantities 
to prevent a spark from passing, the spark, or flash of 
lightning, will pass from the cloud to the conductor in 
preference to any neighbouring point, since the electric 
density will be greater here, and the resistance least. 
Hence the duty of the conductor may be considered as 
being entirely passive, as, by offering a line of compa- 
ratively small resistance, it determines the direction of 
the discharge when it becomes inevitable, although it 
is not brought about by the presence of the conductor 
in the first place, but by the action of the clouds and a 
large area of ground. To use an oft repeated simile, 
the conductor no more attracts the lightning than a 
water- spout, on the side of a house, attracts the rain 
from the clouds which it leads to the drain in the 
ground. 

The fact that so many well-known buildings, which 
were repeatedly struck by lightning before being fur- 
nished with rods, have escaped being struck after the 
lightning rods were applied, would appear to he con- 
clusive evidence of the passive character of the pointed 
conductor with respect to the discharge, and that its 
presence averts a violent explosion by rapidly neutral- 
ising the electrical condition of the atmosphere. 

The luminous appearance, accompanied by a whiz- 
zing noise, sometimes observed when a very dense dis- 
charge is received by the conductor, is of a perfectly 
harmless character, and is probably of the same nature 
as the "glow” discharge, so well known to those who 
have made and witnessed electrical experiments. 
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2. The disbelief in the efficacy of lightning conduc- 
tors is sometimes due to the carelessly expressed opi- 
nions of many writers on electricity, to the effect that 
thoroughly efficient lightning conductors might dis- 
charge the electricity gradually and harmlessly into 
the ground, but would be a poor protection to the 
building in the event of its being struck by a flash. 
Now, in answer to this, there are many cases on record 
of ships and buildings having been struck hv lightning. 
Those provided with efficient conductors have borne the 
shock unharmed, whilst those unprotected have suf- 
fered severely. Perhaps the most convincing evidence 
of the efficiency of good lightning conductors is that 
adduced by Sir W. S. Harris from the journals of H. 
M. ships. In 1801, he writes, “ We had between the 
years 1810 and 1815, that is, within about five years, 
no less than 40 sail of the line, 20 frigates and 
12 sloops and corvettes, placed hors de combat by 
lightning. In 250 such cases, 100 seamen were killed 
and 250, at least, severely hurt. In the merchant 
navy, within a comparatively small number of years, 
no less than 31 ships, most of them large vessels, with 
valuable cargoes, have been totally destroyed, being 
either burnt or sunk, to say nothing of a host of vessels 
partially destroyed or severely damaged. Damage to 
II. M.’s ships by lightning has happily ceased (since 
effective conductors were applied) ; it is now not known 
in the British navy.” Damage to ships by lightning 
seldom occurs now, as most ships are fitted with wire 
ropes, which act as lightning conductors. 

3. A more reasonable objection, at first sight, to the 
use of conductors, is that many buildings have been 
damaged in spite of the presence of lightning rods, 
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and when it is assumed that a conductor acts by at- 
tracting the lightning, which would not take place but 
for the conductor’s presence, the doubt at once arises 
whether the amount of security afforded by the rod 
really outweighs the danger provoked by its supposed 
active influence in attracting and bringing down a large 
flash of lightning. In all cases, where the matter has 
been properly investigated, it has been found that the 
conductors have been ignorantly and wrongly applied. 
Either the continuity of the conductor between its ter- 
mination and the earth has been broken by the pre- 
sence of rust at the joints, or by the iron connections 
under ground rusting away ; by the rod itself being 
broken ; or by the too common careless or ignorant 
mode of not bringing the end of the conductor properly 
to earth. It is the opinion of many that if the rod is 
merely buried a foot or two in the ground it is all that 
is required. We shall presently see this is by no 
means sufficient. 

4. There is an opinion widely spread, and due in a 
great measure to the use of the terms “ thunderbolt ” 
and “ electric fluid,” by many writers on electricity, that 
a small rod of copper, from | inch to 1 inch diameter, 
is totally inadequate to carry off such a large quantity 
of ‘‘fluid ” sufficiently rapidly and safely as is supposed 
to exist when a large flash of lightning is observed. 

5. Many persons point to buildings, such as the dome 
of St. Paul’s cathedral, as not being provided with any 
external special conductor, yet which have escaped 
being struck in very severe storms. In most of these 
cases, by the arrangement of the materials of which it 
is constructed, the building itself is a first-rate con- 
ductor, in some cases for a certain height only and in 
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others from the summit to the ground. St. Paul’s is 
now fitted with copper rope conductors. 

In applying a lightning conductor to a chimney or 
other similar structure, the principles to he kept in 
view are — 

1. To use the best available material ; that is, which 
acts best as a conductor of electricity, and resists cor- 
rosion. This material is copper. 

2. To provide au adequate sectional area to lead 
the electricity harmlessly away. This is best arrived 
at by experience. Harris, in 1861, after citing a num- 
ber of cases of terrific tropical thunderstorms, con- 
cludes that a copper rod f in. diameter, or an equal 
quantity of copper under any other form, would resist 
the heating effect of any discharge of lightning which 
has yet come within the experience of mankind. 
Faraday considered a \ in. copper rod sufficient, hut 
of course approved of using £ or £ in. rods when the 
expense was not too great. 

3. It should be made in such a manner as to run 
the least risk of having its continuity interrupted in 
the event of its being fractured. With this object in 
view, rope is better than rods, since it can be made in 
the first place in one continuous length, whereby the 
risk of badly formed joints is avoided ; it can be readily 
coiled and carried to its destination without being 
cut; and, in the event of being roughly used, the break- 
age of one or more strands docs not destroy the effi- 
ciency of the remainder. When joints are used they 
should be formed by screwing the ends right and left- 
handed, and bringing them in close contact by a screwed 
copper socket of ample strength. 

The conductor should be supported or suspended in 
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such a manner as not to risk its fracture by settlement of 
the structure or disturbance of one or more of its sup- 
ports or guides. 

4. The upper extremity should project above the top 
of the chimney to a distance, say, equal to the diameter 
of the chimney top, and should terminate in a brush of 
three or four points arranged round the central ter- 
minal, and curved to project therefrom at an angle of 
about 45°. 

5. As a rule the rod should bo placed inside the 
structure in the case of a monument, ■where it is less 
liable to be damaged, and is in a better general posi- 
tion for protecting the building, besides being out of 
sight. But for a chimney the rod should always be 
outside, as the gases from some coals are liable to cor- 
rode copper and iron rapidly wherever they come in 
contact with these metals, especially in the presence 
of moisture. 

6 To prevent lateral discharge the conductor should 
be in communication with all hoops or pieces of metal 
round the chimney, and the use of all insulated pieces 
of metal, especially arranged parallel to the conductor, 
should be avoided. 

7. The rod should terminate in the ground in two or 
more branches, which should be carried into a well, and 
terminate in a large copper plate, or be connected with 
a water drain (made of metal, and not fireclay), or pump, 
water or gas pipes, or any other good conducting chan- 
nel. Where this is not practicable, the several branches 
should be carried into earth that is permanently moist, 
and end in a cast-iron case filled with coke, or cinders ; 
or have a large copper plate terminal ; or where no 
moist earth exists permanently the branches under- 



CHIMNEYS — LIGHTNING CONDUCTORS. 


61 


ground should have plenty of length, say 30 feet or more, 
according to the nature of the ground and size of rod. 
If no earth-plate is used, the wires of the copper rope 
should be unstranded and spread out. 

When placed outside the chimney the rod may be 
brought down in contact with the stone or brick -work, 
and no insulating means are required. A flash ot 
lightning has sufficient intensity to break through 
miles of air in some cases, hence an attempt at insu- 
lation a few inches or even feet in length can have no 
practical effect in preventing it from striking the brick- 
work in case the rod should prove insufficient to carry 
it safely away. 

The earth terminal of the rod — unlike the rod itself 
— should expose as much surface to the soil as possible, 
because this surface is the measure of the section of solid 
earth employed to carry off the discharge. Many autho- 
rities have advocated the use of a ball instead of a point 
at the top of the rod, the former being considered best 
for attracting the lightning from the building; a point 
is, however, far better for drawing off the electricity, 
as it does so quietly, and without sparks, and would 
commence its neutralising effect long before a ball 
would act, and by so doing might be the means of pre- 
venting a violent discharge altogether. In considering 
the advantages claimed for the ball top, it must not be 
forgotten that in comparison with the vast area of most 
electrified thunder clouds, the largest ball, the use of 
which could be contemplated, must be, after all, a mere 
point. Although many cases of fusion of copper points 
arc recorded, this material should be still used in pre- 
ference to iron for the points of conductors, although 
iron has a higher point of fusion. 
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All combinations of copper and iron in contact should 
be avoided, especially when the smaller part of the 
combination is of iron, to avoid the rapid destruction 
of the iron by galvanic action, which is but too likely 
to occur; for instance, iron nails, spikes, staples, &c., 
should not be brought in contact with the copper rod 
to support it. 

Notwithstanding that water or gas pipes of iron, placed 
a few feet from a conductor where it reaches the ground, 
have been broken by the lightning springing to them 
from the conductor, it yet appears to be the safest plan 
to connect the conductor with such pipes. In some 
cases the breakage has been doubtless due to explosion 
of the steam formed by the intense heat of the light- 
ning current on meeting with the comparatively greater 
resistance of the ground between the conductor and the 
pipes. Where there is no resistance offered to the 
passage of the current no heat or violent effect will 
ensue. 

In a previous paragraph we have spoken of the im- 
portance of terminating the rod in “good earth.” Upon 
this depends the value of the lightning rod. Most of 
the accidents which have taken place — where conduc- 
tors have been on the building — can be accounted for 
by insufficient earth connection. A lightning rod when 
fixed should be tested by a galvanometer, and the 
" earth 15 should be tested at least once a year. 

A very portable galvanometer for testing lightning 
conductors has recently been introduced by Mr. 
Richard Anderson, M.S.T.E., F.C.S., of 101, Lcadenliall 
Street, London. 

The following woodcut shows the arrange- 
ment of the battery, galvanometer, and resistance 
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coils. The battery consists of three cells, and is a 
modification of the old manganese cell, in which 
the carbon and oxide of manganese occupy the outer 



and the zinc plate the inner or porous cell. By this 
arrangement (introduced a few years ago by Mr. H. 
Yeats, of Covent Garden'), the surface of the negative 
element is greatly increased, and hence a more constant 



64 


BOILER AND FACTORY CHIMNEYS, 


current is obtained, on account of the battery not 
polarising so rapidly as in the old form. Another ad- 
vantage of this arrangement is that the cells can be 
almost entirely sealed up, the air openings being made 
within the porous cell. In the centre of the lid of the 
box is placed the galvanometer with a “ tangent ” 
scale. On the left are two terminals by which to con- 
nect the conductor to be examined. On the right- 
hand end of the lid are placed five keys, marked re- 
pectively, L, B, 1, 2, 3. Under B is one pole of the 
battery, so that by depressing this key, as will be seen 
by following the connections in the diagram, the bat- 
tery current is sent through the galvanometer direct. 
If, however, we depress key No. 1, we connect the 
battery with the galvanometer through a known re- 
sistance. Key No. 2 has a larger resistance, and No. 3 
still larger. The fifth key, L, closes the circuit within 
the limit of the instrument, but on being depressed 
opens it and includes the line or conductor placed be- 
tween the two terminals at the other end. On pressing 
down L and B, it will be seen that the resistance of the 
lipe or conductor may be compared with the known re- 
sistance connected with any of the keys Nos. 1, 2, 3, or 
any of these resistances may be included with that of 
the line, so as to get a convenient deflection of the gal- 
vanometer needle. 


In the case with the battery is a bobbin of insulated 
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By J. H. Knight. Crown 8vo, wrapper 1/0 


ELECTRIC LIGHTING. By Alan A. Campdhll Swinton, 

M.Inst.C.E., M.I.E.E. Crown 8vo, doth 1/6 


ELECTRIC LIGHTING AND HEATING POCKET BOOK. 

Comprising useful Formulas, Tables, Data, and Particulars of Apparatus and 
Appliances for the use of Central Stations Engineers, Contractors, and 
Engineers-in-Charge. By Sydney F. Walker, H.N , M.I.K.E., M.I.W.lfi., 
A. M.Inst.C.E., Etc. F’cap 8vo, 448 pp., 270 Diagrams, and 240 Tobies, 

[hist published. Net 7 /0 

nr.-"': — ?•-.= r — ~ Fmpi.ovki)— Laws op iu.pcimic Circuits— 

y-pv:. .. :• ■- . ' . , \ op Continuous ani> Ai.tki. nating Currents— 

-.-a-: -a:: i ’■! c.'.i Hlhciro- static induction -- Hi. an utn 1 y 

Generators— Accumulators— S wriviii. oahhs—kw 1 1 runs, circui 1 • tin ha 1: pus, i. i r 
— Cables— Methods of insulation— Sizes and insui.a'i ion ot- caiu.ps Maiip. hy 
■ Leading Makhrs— Conduits— leading Wires ano oitirr Am phwokius— Mf.amir- 

ING INSTRUMENTS OF AI.I. KINDS ANI> APPARATUS H 1 R TpHTING 1 . AMI'S ANO 

Accessories — Apparatus for heating hy i;lkctemtt v. 


ELECTRIC SHIP= LIGHTING. A Handbook on the 1 ’metical 

Fitting and Running of Ships' Klertriral Plant. By J. W. Uhijuiiakt. 
Crown 8 vo, cloth 7/6 


ELECTRIC-WIRING, DIAGRAMS & SWITCH-BOARDS. 

By Newton Harrison, K.E., Instnntoi of F.lei trical Engineering in the 
Newark Technical School. Crown 8vo, doth jY<7 5/0 

Tit” T 7 ",'IC’NG— CALCUI.A IING 'till' SIZE op WHO' A Si M PI I ' 

t i. . . ulaihii— Estimating tup. Wains, Mini inns, ano 

- . . r for Testing —Tup Insuiaiion Kpmstanip- 

>■" i •; ' , ■■■- . th Cliiams, Moulding ano i oniuiii - I.aving-oij i 

■ : ■■ .-.i. required non 1 . amps - t.n.n i ini. op a Room - 

Switchboards and their Purpose— swititiikiakijs dpsk.npo for siicni ano 
Compound-Wound Dynamos— Panel switch hoaiu is, sir put kaiiw.w kwihti- 
boards, Lit -. " Ground Iiftpc i or— i.oca iinc . gruuniis- 

Alternatin Power Factor in t'lurui I s-Cai.c iu.a i ion 

ofSizesof' ■ ■ • . ■ Tiirhu-piia.su CIRC IMIS. 
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ELECTRICAL AND MAGNETIC CALCULATIONS. For 

the Use of Electrical Engineers and Artisans, Teachers, Students, and all 
others interested in the Theory and Application of Electricity and Magnetism. 
By A. A. Atkinson, M,S., Professor of Physics and Electricity in Ohio 
University, Athens, Ohio. Crown 8 vo, cloth . . . , Net 9/0 

ELECTRICAL DICTIONARY. A Popular Encyclopedia of 

Words and Terms Used in the Practice of Electrical Engineering. By T. 
O’Conor Sloanf, A.M., E.M., Ph.D., Author of “Arithmetic of Electricity,” 
“Electricity Simplified,” “Electric Toy Making," etc. Third Edition, with 
Appendix. 690 pngcs and nearly 400 Illustrations. Large Crown 8vo, cloth 

Net 7/6 

" The work has many attractive features In It, and Is, beyond doubt, a well put together and 
useful publication. The amount of ground covered may be gathered from the fact that In the index 
about s,ooo references will bo found 7'— Electrical Review, 


ELECTRICAL ENGINEERING. A First- Year’s Course for 

Students. By Tyson Sewell, A.I.E.E., Lecturer and Demonstrator in 
Electrical Engineering at the Polytechnic, Regent Street, London. Fourth 
Edition, Revised, with additions. Large Crown 8vo, cloth 462 pp., with 
278 Illustrations Net 510 


■■■ . ■ ■■ and the 

. 1 1 . - 1 . ■ NTIAL DIF- 

1' 1 ■ ' ' IPS— INCAN- 

1 ■ ■■ ■ ■■ —The con- 

■ 1 ■ ' ' > ' CURRENTS 

■ ' , 1 , 1 ■' l WORKING— 

..... answers. 

“ Distinctly one of the best books for those commencing the study of electrical engineering. 
Everything is explained in simple language which even a beginner cannot fall to understand."— 
The Engineer. 


ELECTRICAL ENGINEERING (ELEMENTARY). In 

Theory and Practice. A Class Book for Junior and Senior Sludents and 
Working Electricians. By J, H. Alexander. With nearly 200 Illustrations. 

Crown 8vo, cloth Net 3/6 

Fund am antal Principles— Electrical Currents— Solenoid Coils, galvono. 

METERS — VOI.T-MHTEKS— MEASURING INSTRUMENTS — ALTERNATING CURRENTS — 

dynamo Electric machines— Continuous current dynamos— induction, static 
Transformers, Converters— Motors— primary and Storage cells— arc Lamps 
—Incandescent Lamps— switches, puses, etc.— Conductors and Caiiles— Uliic- 
trical energy meters— Specifications — Generation and Transmission of 
Electrical energy— generating HTA'I ions. 

ELECTRICAL TRANSMISSION OP ENEROY. A Manual 

for the Design of Electrical Circuits. By Arthur Vaughan Auuott, C.E., 
Member American Institute of Electrical Engineers, Member American 
Institute oLMining Engineers, Member American Society of Civil Engineers, 
Member American Society of Mechanical Engineers, etc. Fourth Edition, 
entirely Re-Written and Enlarged, with numerous Tables, 16 Plates, and 
neaily 400 oilier Illustrations. Royal 8vo, 700 pages. Strongly bound in 

cloth Net 30/0 

In 1 Ronuc 110N— Tin; Properties ok Wire— The construction ok Aerial 
circuits— General Line Work— electric Railway Circuits— Phoith thin— The 
Cons 1 uuci Ion op Underground circuits— Conduits— caiiles and Conduit Con- 
ductors— special railway Cirlui r— T up: Intprurdan Transmission Line— The 
Third kail— Hie iiriian Coniuu i— Ui.ei tihcal 
t ricai. measurement — Con IINUoUS-CURRENT 
CONDUCTORS— C< INI )UC TORS FOR A LI ERNATING 

Parallel Distribut ion— Miscellaneous met 
The Cost of Production and Dist eiiiui ion. 

No I li.— This Volume forms an indispensable Work for Electrical Engineers, Railway and 
Tramway M. mayors and Dirructors, and all interested in Hloctric Traction. 
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ELECTRICITY AS APPLIED TO MINING. By Arnold 

Lofton, M.Inst.C.E., M.I.Mech.E., M.I.E.E., late Professor of Coal 
Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinall Parr, M.I.E.E., A.MXMech.E., 
Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College, Victoria 
University; and Herbert Perkin, M.I.M.E., Certificated Colliery Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, 
Victoria University. Second Edition, Revised and Enlarged. Medium 8vo, 
cloth, 300 pp., witn about 170 Illustrations . Net 1 2/0 

Introductory—:" ■■ ■ ~ " 1 1 ~ 1 Steam 

TURBINE— DISTRIBUTIi ■ 1 ' ' G ELEC- 
TRICAL generators a 1 : ■ plants 

—Electricity Applif : to coat- 

cutting— Typical El , ■ i ting by 

arc andglowlamps— Miscellaneous Applications of i. 
as Compared with other Modes op transmitting 

TRICITY. 

“The book Is a good attempt to meet a growing want, and Is well worthy of a place in the 
mining engineer's library ," — The Jilectrician . 


ELECTRICITY. A STUDENT’S TEXT-BOOR. By II, 

M. Noad, F.R.S. 650 pp., with 470 Illustrations. Crown 8vo . . 9/0 


ELECTRICITY, POWER TRANSMITTED BY, AND 

APPLIED BY THE ELECTRIC MOTOR, including Electric Railway 
Construction. By Philip Atkinson, A.M., Ph.D., author of “ Elements of 
Static Electricity." Fourth Edition, Enlarged, Crown 8vo, cloth, aa.|, pp., 
with over 90 illustrations Net Q/Q 


ELECTRO -PLATING AND ELECTRO - REFINING OF 

METAL5. Being a new edition of Alexander Watt's “ Electro-Deposition." 
Revised and Largely Re-written by Arnold Philip, Assoc. E.S.M., 11. Sc., 
A.I.E.E., F.I.C., Principal Assistant to the Admiralty Chemist, formerly 
Chief Chemist to the Engineering Departments of the India Office, and some- 
time Assistant Professor of Electrical Engineering and Applied Physics at the 
Heriot-Watt College, Edinburgh. 700 pp., witli numerous Illustrations, 
Large Crown 8vo, cloth Net 1 2/6 


ENGINE-DRIVING LIFE. Stirring Adventures and Incidents 

in the Lives of Locomotive Engine-Drivers. By Miciiakl Ricvnolds. 
Third Edition. Crown 8vo, cloth 1/0 


ENGINEERING DRAWING. A WORKMAN’S MANUAL. 

By John Maxton, Instructor in Engineering Drawing, Royal Naval 
College, Greenwich. Eighth Edition. 300 Plates and Diagrams. Crown Hvo, 
cloth 3/6 

“A copy of it sliquld be kept for reference in every drawing otlice."— 


ENGINEERING ESTIMATES, COSTS, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. By 
A General Manager. Second Edition. 8vo, cloth 1 2/0 

of the i 1 :ai .. „ ’ . . ,. . __ .. _ " 
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ENGINEERING PROGRESS (1863-6). By Wm. Humber, 

A.M.Inst.C.E. Complete in Four Vols. Containing 148 Double Plates, 
with Portraits and Copious Descriptive Letterpress. Impl. 4to, halt- 
morocco. Price, complete, £1 2 1 2 s. \ or each Volume sold, separately at 
£3 3 s, per Volume. Descriptive List of Contents on application . 


ENGINEER’S AND MILLWRIGHT’S ASSISTANT. A 

Collection of Useful Tables, Rules, and Data. By William Templeton. 
Eighth Edition, with Additions. i8mo, cloth ..... 

“A deservedly popular work. It should be In the ‘drawer’ of every mechanic.”- English 
Mechanic. 


ENGINEER’S HANDBOOK. A Practical Treatise on Modern 
Engines and Boilers, Marine, Locomotive, and Stationary. And contmmng 
a large collection of Rules and Practical Data relating to ®- ecen ‘^ rac P^ 
in Designing and Constructing all kinds of Engines, Eoiiers. and other 
Engineering work. The whole constituting a comp rehensive Key to the Board 
of Trade and other Examinations for Certificates of Competency m Modern 
Mechanical Engineering. By Walter S. Hutton, Civil “d Mechanical 
Engineer, Author of “ The Works’ Manager s Handbook tor 
With upwards of 420 Illustrations. Sixth Edition, Revised and Enlarged. 
Medium 8 vo, nearly 36° PP-i strongly bound » ° /u 

I. A of .1 1 " eimolp language, and In such a form that It can be easUy 

■ : 1 ■■ goqd and well chosen, and is greatly elucidated 

by the fllustradons! . ■ ■' ’ ‘ to most e^iueers’ shelves, where It wUl rank as 

one of the most useful boolcs of reference, —x-raaical Engineer. 

Full of useful Information, and should be found on the office shelf of all practical engineers.” 

—English Mechanic. 


ENGINEER’S, MECHANIC’S, ARCHITECT’S, 

BUILDER'S, ETC. TABLES AND ^EMfRANDA Selected and 

ELECT g R tcAL\ABXF0RM™; and 3 ' 'E^SST WSE&k** si f | 

limp leather ... 

» The best example we have ever seen of 270 pages of useful matter packed Into the dimen. 
sions of a card-case." — Building News* 


ENGINEER’S YEAR-BOOK FOR 1 9 ° 7 - c °J n P rism S 

Formula:, Rules, Tables, Data, and Memoranda m Civil, 

a;s.f4-¥v f - 

for the work. Crown 8vo, 93° PP-, leather. u 

.. Kempe’s Year-Book really requires no commemdadomjts sphere of usefulness Is widely 

- - — - 

Engineering. 


ENQINEMAN-S POCKET 

cator for Enginemen, Boiler AUenaants, ’ “ - Diagrams. Fifth Edition. 


IlEWOLDS. Whims' Illustrations jand numerous Diagrams. 
Royal r8mo, strongly bound for pocket wear 


3/6 
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EXCAVATION (EARTH AND ROCK). A Practical Treatise, 

liv Charles Prelini, C.E. 365 pp., with Tables, many Diagrams and 
Royal 8vo, cloth Net 1 6/0 


wuRY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accountants and Manufacturers. By E. Garcke and J. M. 
Fells. Crown 8vo, cloth 7/0 


FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 

a History of Fire-Engines, their Construction, Use, and Management. 
Hints on Fire-Brigades, &c. By C. F. T. Young, C.E. 8vo, clotb, £1 4s, 


FOUNDATIONS AND CONCRETE WORKS. With Practical 

Remarks on Footings, Planking, Sand and Concrete, Btiton, Pile-driving, 
Caissons, and Cofferdams, By E, Dobson. Crown 8vo. . . .1/6 


FUEL, ITS COMBUSTION AND ECONOMY. Consisting 

of an Abridgment of “A Treatise on the Combustion of Coal and the 
Prevention of Smoke." By C. W. Williams, A. Inst. C.E. With extensive 
Additions by D. Kinnear Clark, M. Inst. C.E. Fourth Edition, Crown 
8vo, cloth 3/6 


FUELS: SOLID, LIQUID, AND GASEOUS. Their Analysis 

and Valuation. For the use of Chemists and Engineers. By I-I. J. Phillies 
F.C.S., formerly Analytical and Consulting Chemist to the Great Eastern 
Railway. Fourth Edition. Crown 8vo, cloth 2/0 


GAS AND OIL ENGINE MANAGEMENT. A Practical 

Guide for Users and Attendants, being Notes on Selection, Construction, and 
Management. By M. Powis Bale, M. Inst. C.E. , M.i Much. It. Author of 
“Woodworking Machinery,” &c. Second Edition, wall an additional Chapter 
on Gas Producers. Crown 8vo, cloth ... . Net 3/6 

SELECTING AND FIXING A GAS ENGINE— PKINCII’LI'S <>!• WORKING, I'. l'G - I'AILl'RI'S 

and Defects— Valves, ignition, Piston rings, utl\ —oil Engines— gas I'ijooik mo, 
—Rules, tables, etc. 


GAS ENGINEER’S POCKET-BOOK. Comprising Tallies, 

Notes and Memoranda relating to the Mauufaelure, 1 lislrilmiioii, and IKe ol 
Coal Gas and the Construction of Gas Works. Uy 11. O'Connor, A. M .Inst. 
C.E. Third Edition, Revised. Crown 8vo, leather. 

[Just Published. Net 10/6 
“ The book contains a vast amount of information "— £»7w 1 1 '01 Id. 


GAS-ENGINE HANDBOOK. A Manual of Useful Infor- 
mation for the Designer and the Engineer. Jiy E. W, Roberts, M.lf. 
With Forty Full-page Engravings. Small Fcap. 8vo, leather , . Net 8/6 
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GAS-ENGINES AND PRODUCER-GAS PLANTS. A 

Treatise setting forth the Principles of Gas Engines and Producer Design, 
the Selection and Installation of an Engine, 'the Care of Gas Engines and 
Producer-Gas Plants, with a Chapter on Volatile Hydrocarbon and Oil 
Engines. By R. E. Mathot, M.E. Translated from the French. With a 
Preface by Dugald Clerk, M.Inst.C.E., F.C.S. Medium 8vo, cloth, 
3ro pages, with about 150 Illustrations Net 1 2/0 

Motive power and Cost of installation— selection of an engine- 
installation of an Engine— Foundation and Exhaust— Water Circulation- 
Lubrication— Conditions of Perfect operation— how to start an engine— pre- 
cautions— perturbations IN THE OPERATION OF ENGINES— PRODUCF.R-GAS ENGINES 

-producer-gas— pressure gas-producers— suction gas-producers— Oil and 
volatile hydrocarbon engines— the Selection of an engine. 


GAS ENGINES. With Appendix describing a Recent Engine 
with Tube Igniter. By T. M. Goodbye, M.A. Crown Bvo, cloth . 2/6 


GAS MANUFACTURE, CHEMISTRY OF. A Practical 

Manual for the Use of Gas Engineers, Gas Managers and Students. By 
Harold M. Royle, F.C.S., Chief Chemical Assistant at the Becton Gas 
Works. Demy 8vo, cloth. 340 pages, with numerous Illustrations and 
Coloured Plate [Just published. Net 1 2/6 


Preparation of standard Solutions— analysis of coals— Description of 
Various Types of furnaces— products of Carbonisation at Various Temper- 
atures— Analysis of Crude Gas— analysis of Lime— analysis of; ammoniacal 
Liquor— Analytical Valuation of Oxide of Iron— estimation of Napthalin— 
analysis of Fire-bricks and Fire-Clay-art of photometry-Carburetted 
Water Gas— appendix containing statutory and official regulations for 
Testing Gas, valuable excerpts from various important papers on Gas 
Chemistry, Useful Tables, memoranda, etc. 

GAS WORKS. Their Construction and arrangement, and the 
Manufacture and Distribution of Coal Gas. By S. Hughes, C.E. Ninth 
Edition. Revised, with Notices of Recent Improvements by Henry 
O’Connor, A.M.Inst.C.E. Crown 8vo, cloth 6/- 


GEOMETRY. For the Architect, Engineer, and Mechanic, By 
E. W. Tarn, M.A., Architect. 8vo, cloth 9/0 

GEOMETRY FOR TECHNICAL STUDENTS. By E. 

H. Sprague, A.M.Inst.C.E. Crown 8vo, cloth Net MO 


GEOMETRY OF COMPASSES. By Oliver Byrne. Coloured 

Plates. Crown 8vo, cloth SIS 


HEAT, EXPANSION OF STRUCTURES BY. By John 

KeIi.y, C.E. Crown 8vo, cloth 


HOISTING MACHINERY. 

Construction and Descriptions of 
Joseph Horner, A.M.l.M.E. 
including Folding Plates . 


Including the Elements of Crane 

the Various Types of Cranes in Use. By 
Crown 8vo, cloth, with 2T5 Illustrations, 
Net 7/6 


HYDRAULIC MANUAL. Consisting of Working Tables and 

Explanatory Text. Intended as a Guide in^Hydraulic Calculations and ^jeld 
Operations. By Lowis D‘A. Jackson. 
crown 8vo, cloth 


Fourth Edition, Enlarged. 


Large 

16/0 
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HYDRAULIC POWER ENGINEERING. A Practical Manual 

on the Concentration and Transmission of Power by Hydraulic Machinery. 
By G. Croydon Marks, A.M.Inst.C.E. Second Edition, Enlarged, with 
about 240 Illustrations. 8vo, cloth Net 1 0/6 

SUMMARY OF CONTENTS : — PRINCIPLES OF HYDRAULICS.— THE FLOW OF WATER.— 

Hydraulic pressures.— Material.— Test Load.— Packing for Sliding Surfaces. 
—Pipe joints.— Controlling Valves.— platform Lifts.— Workshop and Foundry 
Cranes.— Warehouse and Dock Cranes 

FOR BALING AND OTHERFURPOSES,— SHEET M \ , ■ .“ 

—Hydraulic Riveters.— Hand and Povt . ■ ;■■■■ 

Impulse turbines —Reaction turbines.- .■■■■■ 

Wheels.— Hydraulic Engines.— Recent 

ACTION OF PUMPS. &c. 

“Can be unhesitatingly recommended as a useful and up-to-date manual on hydraulic trans- 
mission and utilisation of power."— Mechanical World. 


HYDRAULIC TABLE5, CO-EFFICIENTS, & FORMULAE. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formulae, Tables, and General Information on Rain-fall, 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, C.E., M.R.I.A. Third Edition, revised, with 
additions. Numerous Illustrations. Crown 8vo, cloth . . , 1 4/0 


IRON AND METAL TRADES’ COMPANION. For Ex- 
peditiously Ascertaining the Value of any Goods bought or sold by Weight, 
from is. per cwt. to 112s. per cwt., and from one farthing per pound to one 
shilling per pound. By Thomas Downib. Strongly hound in leather, 
396 PP 9/0 


IRON AND STEEL. A Work for the Forge, Foundry, Factory. 

and Office. Containing ready, useful, and trustworthy Information for Iron- 
masters and their Stock-takers ; Managers of Bar, Rail, Plate, and Sheet 
Rolling Mills; Iron and Metal Founders; Iron Ship and Bridge Builders; 
Mechanical, Mining, and Consulting Engineers; Architects, Contractors, 
Builders, &c. By Charles Hoare, Author of “The Slide Rule," &c. Ninth 
Edition. 321110, leather 6/0 


IRON AND 5TEEL CONSTRUCTIONAL WORK, as applied 

to Public, Private, and Domestic Buildings. By Francis Campin, C. 15. 
Crown 8vo, cloth 3/6 


IRON & STEEL GIRDERS. A Graphic Table for facililaling 

the Computation of the Weights of Wrought Iron and Steel Girders, &e., 
for Parliamentary and other Estimates. By J. H. Watson Buck, M Inst.C. K. 
On a Sheet 2/6 


IRON-PLATE WEIGHT TABLES. For Iron Shipbuilders, 

Engineers, and Iron Merchant!-. Cuntaining the Calculated Weights of 
upwards of 150,000 different sizes of Iron Plates from 1 foot by 6 in. by i in. 
to 10 feet by 5 feet by 1 in. Worked out on the Basis of (o lbs. to the square 
foot of Iron of 1 inch in thickness. By H. Burlinkon ind W. H. Simfs>>n. 
4to, half-bound , . £1 5s. 
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IRRIGATON (PIONEER). A Manual of Information for 

Farmers in the Colonies, By E, 0 . Mawson, M.Inst.C.E., Executive 
Engineer, Public Works Department, Bombay. With Chapters on L'gbt 
Railways by E. R. Caltiirop, M.Inst.C.E., M.I.M.E. With Plates and 
Diagrams. Demy 8vo, cloth ....... Net 1 0/6 

v :: ■ = ■> ■ ■ v\~ :.t Supply— dams and weirs— 


LATHE PRACTICE* A complete and Practical Work on the 

Modern American Lathe. By Oscar E. Perrigo, M.E., Author of 
“ Modern Machine Shop Construction, Equipment, and Management," etc. 
Medium 8vo, 424 pp., 313 illustrations. Cloth. 

[Just Published, Net 1 2/0 


History of the Lathis up to the Introduction of Scrrw Threads— Its 

Develop' - -. r — v " ' : OF 

Lathes- • ■ ■ 'ing, 

this spin ..... . ■ the 

■ ■ , APRON, ETC.— 

’! 1 sN N ■ ■ ■ J ATHE ATTACH- 

"" N : \ ■ , ■ v ■ 1 STEEL, SPEEDS 

: ■!, .. s Lathe work— 

I' '• . : ■ 'HES— REGULAR 

1 ■■ Lati-iiss. 


LATHE-WORK. A Practical Treatise on the Tools, Appliances) 

ancl Processes employed in the Art of Turning. By Paul N. Hasluck. 
Eighth Edition. Crown 8vo, cloth 6/0 

" We can safely recommend the work to young engineers. To the amateur it will simply be 
invaluable."— Jingincer. 


LAW FOR ENGINEERS AND MANUFACTURERS. 

See Every Man’s Own Lawyer. A Handybook of the. Principles of Law 
and Equity. By a Barrister. Forty-fourth (1907) Edition, Revised and 
Enlarged, including Abstracts of the Legislation of 1006 of especial interest, to 
Engineering Firms and Manufacturers, such as the Workmen’s Compensation 
Act, 1906 ; the Prevention of Corruption Act, 1906 ; the Trades Disputes Act, 
1906 ; the Merchant Shipping Act, 1906 ; the Marine Insurance Act, 1906, and 
many other recent Acts. Large crown 8vo, cloth, 838 pages. 

[Just published. Net 618 

"No Englishman ought to be without this book." — Engineer. 

“Ought to be in every business establishment and all libraries.''— Sheffield Pat. 

" It Is a complete code of English Law written In plain language, which all can understand, 

. . Should bo In the hands of every business man, and all who wish to abolish lawyers' bills." — 
Weekly Times. 

“ A useful and concise epitome of the law, compiled with considerable care .**— Law Maga xtnt 


LEVELLING, PRINCIPLES AND PRACTICE OF. Show- 
ing its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roads; with Mr. Telford’s. Rules for the same. By 
Frederick W. Simms, M.Inst.C.E. Ninth Edition, with Law’s Practical 
Examples for Setting-out Railway Curves, and Tkautwine’s Field Practice 
of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts. 

8 vo 8/6 

"The publishers Have rendered a substantial service to the profession, especially to the 
younger members, by bringing out the present edition of Mr, Simms's useful -work."— Engineering . 


LOCOMOTIVE ENGINE. The Autobiography of an old Loco- 
motive Engine. By Robert Weatherburn, M.I.M.E. With Illustrations 
and Portraits of George and Robert Stephenson. Crown 8vo, cloth. 

Net 2/6 
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LOCOMOTIVE ENGINE DEVELOPMENT, A Popular 

Treatise on the Gradual Improvements made in Railway Engines between 
1803 and 1903. By Clement C. Stretton, C.E. Sixth Edition, Revised 
and Enlarged. Crown 8vo, cloth Net 4/6 


LOCOMOTIVE ENGINE DRIVING. A Practical Manual for 

Engineers in Charge of Locomotive Engines. By Michael Reynolds, 
M.S.E. Twelfth Edition. Crown 8vo, cloth, 3/6 ; cloth boards 4/6 


LOCOMOTIVE ENGINES. A Rudimentary Treatise on. By 

G. D. Dempsey, C.E, With large Additions treating of the Modern Loco- 
motive, by D. K. Clark, M. Inst. C.E. With Illustrations. Crown 8vo, cloth 

3/0 


LOCOMOTIVE (MODEL) ENGINEER, Fireman and Engine- 

Boy. Comprising a Historical Notice of the Pioneer Locomotive Engines 
and their Inventors. By Michael Reynolds. Crown 8vo, cloth, 3/6 ! 
cloth boards 4/6 


MACHINERY, DETAILS OF. Comprising Instructions for 

the Execution of various Works in Iron in the Fitting Shop, Foundry, and 
Boiler Yard. By Francis Campin, C.E, Crown 8vo, cloth . . 3/0 


MACHINE SHOP TOOLS. A Practical Treatise describing 

in every detail the Construction, Operation and Manipulation of both Hand 
and Machine Tools ; being a work of Practical Instruction in all Classes of 
Modern Machine Shop Practice, including Chapters on Filing, Fitting and 
Scraping Surfaces ; on Drills, Reamers, Taps and Dies ; the Lathe and its 
Tools ; Planers, Shapers and their Tools ; Milling Machines and Cutters ; Gear 
Cutters and Gear Cutting; Drilling Machines and Drill Work; Grinding 
Machines and their Work; Hardening and Tempering, Genring, Belting, 
and Transmission Machinery; Useful Data and Tallies, By W. Ii. Van 
Dervoort, M.E. Illustrated by 673 Engravings. Medium 8vo. 

Net 21/0 


MAGNETOS FOR AUTOMOBI LISTS : How made and IIow 

used. A handybook on their Construction and Management. By S. R. 
Bottone. Crown 8vo, cloth .... [Just Published. Net 2/0 


MARINE ENGINEERING. An Elementary Manual for Young 

Marine Engineers and Apprentices. By J. S. Brewer. Crown 8vo, cloth. 

1/6 


MARINE ENGINEER’S GUIDE to Board of Trade Exam- 

inations for Certificates of Competency. Containing a" ' 7 

Date, with Simple, Clear, and Correct Solutions ; 302 ' ■ 

with Illustrated Answers, and Verbal Questions and Ar ■ , _ : ■, 

of Drawings with Statements completed. By A. C. Wannan, C.E. Consult- 
ing Engineer, and E. W. I. Wannan, M.I.M.E., Certificated First Class 
Marine Engineer. With numerous Engravings. Fourth Edition, Enlarged. 
500 pages. Large crown 8vo, cloth AW 1 0/6 
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MARINE ENGINEER’S POCKET-BOOK. Containing latest 

Board of Trade Rules and Data for Marine Engineers. By A. C. W annan. 
Fourth Edition, Revised, Enlarged, and Brought up to Date. Square i8mo* 
with thumb Index, leather c/n 


MARINE ENGINES AND BOILERS. Their Design and 

Construction. A Handbook for the TJse of Students, Engineers, and Naval 
o °, n . s i ruCtor , s . B as ed on the Work “ Berechnung und Konstruktion der 
Schiffsmaschmen und Kessel by Dr. G. Bauer, Engineer-in-Chief of the 
Vulcan Shipbuilding Yard, Stettin. Translated from the Second German 
Edition by E. M. Donkin, and S. Bryan Donkin, A.M.I.C.E. Edited 
by Leslie S. Robertson, Secretary to the Engineering Standards Com- 
mittee, M.I.C.E., M.I.M.E., M.I.N.A., &c. With numerous Illustrations 
and Tables. Medium 8vo, cloth Net 26 /- 

_ ® SS * C T,?. n 7t S part I-— MAIN engines.— Determination of cyxin- 

D 5?Vw™ ENS10 H s ' — The Utilisation of Steam in the Engine stroke of piston. 

? umber of Revolutions.— turning moment.— balancing of the moving Parts. 

of _, Main Engines — details of main engines.— The cylinder.— 
d^ ves ;~ v ^- r I2 us k i nd s of valve gear.— Piston Rods.— Pistons.— connecting 
Rod and crosshead. —Valve Gear rods.— bed plates.— engine Columns,— 
Rh versing and Turning Gear, part ii.~ PUMPS.— Air, circulating Feed, and 
Auxiliary Pumps, part III.— shafting, resistance of ships, propellers. 
—Thrust Shaft and thrust Block.— tunnhl Shafts and Plummer Blocks.— 
Shaft Couplings.— Stern Tube — The Screw Propeller.— Construction of the 
Screw. PART iv.— pipes and connections.— General remarks, flanges, 
Valves, &c.— Under Water Fittings.— Main Steam, auxiliary steam, and 
F 5. ED Water, Bilge, Ballast and circulating Pipes. PART V.— 
STEAM BOILERS.— Firing and the Generation of steam.— cylindrical boilers. 
— Locomotive Boilers. — Water-tube Boilers. — small Tube Water-tube 
Boilers.— Smoke Box.— Funnel and boiler Lagging.— Forced draught.— boiler 
Fittings and "Mountings. PART vi.-measuring instruments, part vii.- 

VARIOUS DETAILS BOLTS, NUTS, SCREW THREADS, &C.— PLATFORMS, GRATINGS, 

Ladders. — Foundations. — Seatings. — Lubrication Ventilation of Engine 

Rooms.— rules for spare gear, part viii.-additional tables. 

"This handsome volume c — ’ '■ -■ ■ -* 

modem marine engines and boil ■ ■ 

represent recent practice for al 


American 

■ 1 . (institutes a 

valuable book of reference and a treasury of information. The English editor and his assistants 
have done their work well, both in translation and in the conversion of metric to English measures." 
— The Times:, 


MARINE ENGINES AND STEAM VESSELS. By R. 

Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by 
the Author and by George Carlisle, C.E. Crown 8vo, cloth . . 4/6 


MASONRY DAMS FROM INCEPTION TO COMPLETION. 

Including numerous Formulae, Forms of Specification _ and Tender, Pocket 
Diagram of Forces, &c. For the use of Civil and Mining Engineers. By 
C. F. Courtney, M. Inst. C.E. 8vo, cloth 9/0 


MASTING, MAST=MAKING, AND RIGGING OF SHIPS. 

Also Tables of Spars, Rigging, Blocks; Chain, Wire, and Hemp Ropes, &c., 
relative to every class of vessels. By R. Kipping. Crown 8vo, cloth 2/0 

MATERIALS AND CONSTRUCTION. A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of \\ orks of Con- 
struction. By F, Campin. Crown Svo, cloth 3/0 



i8 CROSBY LOCKWOOD SON'S CATALOGUE. 


MATERIALS, A TREATISE ON THE STRENGTH OF. 

By P. Barlow, F.R.S., P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. 
EditedbyWM. Humber, A.M.Inst.C.E. 8 vo, cloth .... 18/0 

"The standard treatise on that particular subject."— Engineer. 


MATHEMATICAL TABLES. For T— ’ — — 1 Astrono- 

mical, and Nautical Calculations; to wh ,■ ■ Treatise on 

Logarithms, by H. Law, C.E. With Tab! 1 nd Nautical 

Astronomy. By Prof. J. R. Young. Crown ovo, mom . . . 4/0 


MECHANICAL ENGINEERING. Comprising Metallurgy, 

Moulding, Casting, Forging, Tools, Workshop Machinery, Mechanical 
Manipulation, Manufacture of the Steam Engine, &c. By Francis 
Campin, C.E, Third Edition. Crown 8 vo, cloth .... 2/6 


MECHANICAL ENGINEERING TERMS. (Lockwood’s 

Dictionary). Embracing terms current in the Drawing Office, Pattern 
Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &e. Comprising 
upwards of 6 ,ooo Definitions. Edited by J, G. Horner, A.M.I.M.E. Third 
Edition, Revised, with Additions. Crown 8 vo, cloth . . . Net 7/6 


MECHANICAL ENGINEER'S COMPANION. Areas, 

Circumferences, Decimal Equivalents, in inches and feet, millimetres, 
squares, cubes, roots, &c. ; Strength of Bolts, Weight of Iron, &c. ; Weights, 
Measures, and other Data. Also Practical Rules for Engine Proportions. By 
R. Edwards, M. Inst. C.E. Fcap. 8 vo, cloth. 3/6 


MECHANICAL ENGINEER’S POCKET-BOOK. Comprising 

Tables, Formulae, Rules, and Data : A Handy Book of Referent e for 
Daily Use in Engineering Practice. By D. Kinnkar Clark, M.Inst.C.K., 
Sixth Edition, thoroughly Revised and Enlarged. By H. H. P. Powlks, 
A.M.Inst.C.E., M.I.M.E. Small 8 vo, 700 pp., Leather 

[ Just published. Net 6/0 
Mathematical Tables. — Measurement of surfaces and solids. — I{n«- 
lish weights and Measures.— French Metric Weights and Measures,— 
foreign weights and Measures.— Moneys.— Specific Gravity, weight, and 
volume. — Manufactured Metals. — Steel Pipes. — Bolts and Nuts. — sundry 
articles in wrought and Cast iron, copper, brass, uead, Tin, zinc.— 
Strength of Materials. — Strength of timber.— Strength of cast iron.— 
strength of Wrought iron.— Strength of Stem Tensile Strength of copper, 


'■ 1 1 ■■ 1 


“It would be found difficult to compress more matter within a similar compa s. nr prinlm i> a 
book of 700 pages which should be more compact or convenient for pocket reference. , . . Will 
be appreciated by mechanical engineers of all classes." — Practical Jingmet r. 


MECHANICAL ENGINEER’S REFERENCE BOOK. For 

Machine and Boiler Construction. By Nelson Foley, M.I.N.A. Now 
Edition, Revised throughout and much Enlarged. To be if sued in p;u is. 

[In 1'reptu iitiun. 

"Mr. Foley Is well fitted to compile such a work. The diagrams are a great feature ,,f the 
work. It may be stated that Mr. Foley has produced a volume which will undoubtedly fulfil the 
desire of the author and become indispensable to all mechanical engineers."— Marine Engineer. 

"We have carefully examined this work, and pronounce It a most excellent reference hook 
for the use of marine engineers ."— journal a/ American Society 0/ Naval Engineers. 
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MECHANICAL HANDLING OF MATERIAL. A 

Treatise on the Handling of Material such as Coal, Ore, Timber, &c., 
by Automatic or Semi-Automatic Machinery, together with the Various 
Accessories used in the Manipulation of such Plant, and Dealing fully with 
the Handling, Storing, and Warehousing of Grain. By G. F. Zimmer, 
A.M.Inst.C.li. saS.pages Royal Svo, cloth, with 550 Illustrations (including 
Folding Plates) specially prepared for the Work . . . Net 2S/0 

" It is an essentially practical work written by a practical man, who is not only thoroughly 
acquainted with his subject theoretically, but who also has the knowledge that can only be 
obtained by actual experience in working and planning installations for the mechanical handling 
of raw material ." — The Times. 


MECHANICS. Being a concise Exposition of the General 
Principles of Mechanical Science and their Applications. By C. Tomlinson, 
F.R.S. Crown 8vo, cloth "1/6 


MECHANICS: CONDENSED. A Selection of Formulae, Rules, 

Tables, and Data for the Use of Engineering Students, &c. By W. G. C, 
Hughes, A.M.I.C.E. Crown 8vo, cloth 2/6 


MECHANICS OF AIR MACHINERY. By Dr. J. Wiesbach 

and Prof. G. Herrmann. Authorized Translation with an Appendix, on 
American Practice by A. Trowbridge, Ph.B., Adjunct Professor of Mechanical 
Engineering, Columbia University. Royal 8vo, cloth; . . Net 1 8/0 


MECHANICS’ WORKSHOP COMPANION. Comprising a 

great variety of the most useful Rules and Formulae in Mechanical Science, 
with numerous Tables of Practical Data and Calculated Results for Facilita- 
ting Mechanical Operations. By William Templeton, Author of " The 
Engineer's Practical Assistant,” &c,, &c. Eighteenth Edition, Revised, 
Modernised, and considerably Enlarged by W. S. Hutton, C.E., Author of 
"The Works' Manager's Handbook," &c. Fcap. 8vo, nearly 500 pp., with 

8 Plates and upwards of 250 Diagrams, leather 6/0 

1 This well-known and ' — information, brought up to date, of the 
sort so useful to the foreman ; ch fresh information has been introduced as 

to constitute it practically a ■■ . 'World. 


MECHANISM AND MACHINE TOOLS. By T. Baker; 

C.E. With Remarks on Tools and Machinery by J. Nasmyth, C.E. 
Crown 8vo, cloth 2/6 


MENSURATION AND MEASURING. With ttie Mensuration 

and Levelling of Land for the purposes of Modern Engineering. By T. 
Baker, C.E. New Edition by E. Nugent, C.E. Crown 8vo, cloth 1/6 


METAL-TURNING. A Practical Handbook for Engineers, 

Technical Students, and Amateurs. By Joseph Horner, A.M.I.Mech.E., 
Author of ** Pattern Making,” &c. Large Crown 8vo, cloth, with 488 Ulus- 
trations. U *«< Published. Net 9/0 


SUMMARY OF CONTENTS INTRODUCTION.— RELATIONS OF TURNERY AND MACHINE 
Shop.— sec. I. The lathe. Its Work, and Tools.-Forms and Functions of Tools — 
remarks ON turning in general.— sec. II. turning Between centres. -Cent ring 
AND DRIVING.— USE OF STEADIES. — EXAMPLES OF TURNING INVOLVING l.IMNG-OUT 
FOR CKNTRES.-MANDREI.WORK.-SEC. III. WORK SUPPORTED AT ONE END --FACE 
PLATE TURNING— ANG - ’ .I.. 

Universal, Toggle, . ikn V TukREr Work 

BORING, AND ALLIED .. 1 Tnm 

—SEC VI MlSCELLAN > NT, GRINDING. — TOOL 

Holders- speed and feeds, tool steels.— steel makers' Instructions. 
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METRIC TABLES. In which the British Standard Measures 

and Weights are compared with those of the Metric System at present in Use 
on the Continent. By C. H. Dowling, C.E. 8 vo, cloth . . . 10/6 


MILLING MACHINES ; their Design, Construction, and Work- 
ing. A Handbook for Practical Men and Engineering Students. By Joseph 
Horner, A.M.LMech.E., Author of "Pattern Making,” &c. With 269 
Illustrations. Medium 8vo, cloth ...... Net 12/6 

T .r*~:\'r ’tv^vt*** pt* M TT .T. T > f C M ,, ' , T TY N r ! !’ >,7tfr rv anti * 

V*! —.'• a v . • :r; . \ •. *•: ' i* n *.•••.* .1. 

M: n-. a \ s: .i;.a v.\ i* 7 » ukvbl Guars, 


MOTOR CARS FOR COMMON ROADS. By A. J. Wallis- 

Tayler, A. M.Inst.C.E. 212 pp., with 76 Illustrations. Crown 8 vo, 
cloth 4/6 


MOTOR VEHICLES FOR BUSINESS PURPOSES. A 

Practical Handbook for those interested in the Transport of Passengers 
and Goods. By A, J. Wallis-Tayler, A.M.Inst.C.K. With 13, | Illustra- 
tions. Demy 8vo, cloth Net 9/0 


NAVAL ARCHITECT’S AND SHIPBUILDERS POCKET 

BOOK. Of Formulae, Rules, and Tables, and Marine Engineer’s and 
Surveyor’s Handy Book of Reference. By Clement Mackrow, M.I.N.A, 
Ninth Edition, Fcap., leather Net 1 2/6 

Signs and symbols, Dhcimal 1 . . •• 

metry, — Mensuration.— Centres ■. • ■••••, 

INERTIA AND RADII GYRATION. — 1 I . . . • . \ . > 

Rules.— Mechanical principles -. ■ ■■ 

Displacement, Chntre of Buoyancy.— Centre of Gi: 

—STABILITY CURVES AND META CENTRES, —SEA AND 

—Rolling of Ships.— propulsion and Resistance "f ves«»t e _quuu<> 

Sailing, Crntre of Effort.— Distances dc . •. 

rudders of Vessels.— Launching Calcu 

Material and gear. — gun particular 1 •. ■ ■ ■ . 

RIVETED JOINTS AND RIVETING.— STRENGTI •’ i 11 \ ■ . 

and Shearing stresses. —Strength of . 

hydraulic Data, A— r , 'N"? n , »'*iciianical 

powers, Work.— Bo . ■■ ■. > , ■ : ■ ■ ;s.— Board 

of Trade Regulai ■ : ■ < ■ , • . . 's Weight 

of Chains.— lloyi ■ •• ■■ - ■ Vessels.— 

Ships' Fittings an ■ n . ■ ■ ■■ kmknt of 

Timber.— alloys, ■ . 1 t v trans- 
port Regulation!' - i . ■ .,...! : , Sic.— per- 
centages FOR E' . , r . " ” I TING AND RIGGING. 

—Distances of : 1 ■ ’ .ary op French and 

English Terms.- ■ . ' : . Weights and Mea- 
sures.— Dbcimai ■ " 1 . , Measures.— Areas 

of and Circumi i ■■ ■ . . . ■ .■ ■ f Circles.— Tables 

of Squares and Cubes and Roots of Numbers.— tables of logarithms of Num- 
bers.— Tables of Hyperbolic Logarithms.— tablks of Natural Sines, Tangents, 
—Tables of Logarithmic Sines, tangents, &c. 

' ic. It contains 
epilation for its 
voyur, so.mjiin, 



NAVAL ARCHITECTURE. An Exposition of the Elementary 
Principles, By J. Peake. Crown 8vo, cloth 3/0 

NAVIGATION AND NAUTICAL ASTRONOMY, In Theory 

and Practice, By Prof. J. R. Young. Crown 8vo, cloth , . . 2/6 

“A very complete, thorough, and useful manual for the young navigator .”— Obset va / aty . 
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NAVIGATION, PRACTICAL. Consisting of the Sailor’s Sea 

Book, by J. Greenwood and W. H. Rosser; together with Mathematical 
and Nautical Tables for the Working of the Problems, by H. Law, C.E., 
and Prof. J. R. Young 7/0 


PATTERN MAKING. Embracing the Mam Types of Engineer- 
ing Construction) and including Gearing, Engine Work, Sheaves and Pulleys, 
Pipes and Columns, Screws, Machine Parts, Pumps and Cocks, the Mould- 
ing of Patterns in Loam and Greensand, Weight of Castings, &c. By J. G. 
Horner, A.M.I.M.E. Third Edition, Enlarged. With 486 Illustrations. 

Crown 8 vo, cloth Net 7/6 

1 ‘ A. well-written technical guide, evidently written by a man who understands and has prac- 
tised what he has written about."— Builder. 


PATTERN MAKING. A Practical Work on the Art of Making 

Patterns for Engineering and Foundry Work, including (among other matter) 
Materials and Tools, Wood Patterns, Metal Patterns, Pattern Shop Mathema- 
tics, Cost, Care, &c., of Patterns. By F. W. Barrows. Fully Illustrated by 
Engravings made from Special Drawings by the Author. Crown 8 vo, cloth, 

Net 6/0 

Pattern Makers and Pattern Making— Materials and Tools— Examples ok 
Pattern Work— Metai. Patterns— Pattern shop Mathematics— Cost, Care, and 
Inventory of patterns— Marking and record of Patterns— Pattern Accounts. 


PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New 
Countries. By E. Dobson, M.Inst.C.E. Second Edition. Crown 8vo, 
cloth 4-/6 


PNEUMATICS, Including Acoustics and the Phenomena of 
Wind Currents, for the use of Beginners. By Charles Tomlinson, 
F.R.S. Crown 8vo, cloth 1/6 


PUMPS AND PUMPING. A Handbook for Pump Users. 

Being Notes on Selection, Construction, and Management. By M, Powis 
Bale, M.Inst.C.E., M.I.Mech.E. Fifth Edition. Crown 8 vo, cloth . 3/6 

“The matter Is set forth as concisely as possible, In fact, condensation rather than diffuse- 
ness has been the author's aim throughout ; yet he does not seem to have omitted anything likely to 
be of use ." — Journal of Gas Lighting. 


PUNCHES, DIES, AND TOOLS FOR MANUFACTURING 

IN PRESSES. By Joseph Y. Woodworth. Medium 8vo, cloth. 482 
pages with 700 Illustrations .... [Just Published. Net 1 6/0 

Simple Bending and forming Dies, their Construction, Use and Operation 

. s , , ■. u \ mi Forming Dies, for Accurate'and Rapid 

• ■ ■ :,■■■.•; . ruing and twisting Dies AND PUNCHES, FOR 

.. , \ . ■■ ■ :> , ■ .Carry, and Follow dies, together with 

■' , : ,1 , , ■ ■ ■ SHEET ME . '■ v ’ ■ •• f ■- 

! ... 1 • ND TOOLS— " . ■« . 

, \ ■ 1 NCHIiS AND 

. : CASES OF ’ . N-. ' ■ ■' ” I 

■ ■ 1, \nd use o’" ■ ! 

THEIR EVOLUTION AND MANUFACTURE— 
I. MAKING HYDRAULIC PACKING LEATHERS, 

-i , . , , ■ i . Chemical Tablets— Drawing, Re drawing, 

Reducing, Flanging, Forming, reversing, and Cupping processes, punches and 
Lies for Circular and rectangular and Sheet-Metal Articles— Heading, 
■wiring Chiu 1 Dies for closing and Assembling, of 

mhta! Part- ■ 1 Glass, lens and medal Dies, and 

C< >nstkuctu ■ ■ i dols— Design, Construction and Use 



SPECIAL AND Novel Processes, 
■■ DIES. 
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RECLAMATION OF LAND FROM TIDAL WATERS. 

A Handbook for Engineers, Landed Proprietors, and others interested in Works 
of Reclamation. By A. Beazeley, M.lnst.C.E. 8 vo, cloth. Net 10/6 

“ The work contains a great deal of practical and useful information which cannot fall to be 
of service to engineers entrusted with the enclosure of salt marshes, and to landowners intending 
to reclaim land from the sea ."—The Engineer, 


REFRIGERATING AND ICE-MAKING MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Tayler, 
A.M.Inst.C.E. Third Edition, Enlarged, Crown 8 vo, cloth . . 7/6 

“ May be recommended as a useful description of the machinery, the processes, and of the 
facts, figures, and tabulated physics of refrigerating, "—Engineer, 


REFRIGERATION AND ICE-MAKINO POCKET BOOK. 

By A. J. Wallis-Tayler, A.M.Inst.C.E. Author of “ Refrigerating and Ice- 
making Machinery,” &c. Fourth Edition. Crown 8 vo, cloth. Net 3/6 


REFRIGERATION, COLD STORAGE, & ICE-MAKING: 

A Practical Treatise on the Art and Science of Refrigeration. By A. J. 
Wallis-Tayler, A.M.Inst.C.E., Author of “ Refrigerating and Ice-Making 
Machinery." 6 oo pp., with 360 Illustrations, Medium 8 vo, cloth. Net 1 5/0 

. 1 • -- *’ •-** ’ -oduction of such an impor- 

, . ■ ■ : out nothing that would in 


RIVER BARS. The Causes of their Formation, and their 

Treatment by “ Induced Tidal Scour ” ; with a Description of the Successful 
Reduction by this Method 0 / the Bar at Dublin. By I. J. Mann, Assist. 
Eng. to the Dublin Port and Docks Board. Royal 8 vo, cloth . . 7/6 

" We recommend all interested in harbour works— and, indeed, those concerned In the 
improvements of rivers generally — to read Mr. Mann's interesting work,"*— Engineer, 


ROADS AND STREETS. By H. Law, C.E., and D. K. Clark, 

C.E. Revised, with. Additional Chapters by A. J. Wallis-Taylkr, 
A.M.Inst.C.E, Seventh Edition. Crown 8 vo, cloth .... 6/0 

" A book which evety borough surveyor and engineer must possess, and which will bo of 
considerable service to architects, builders, and property owners generally."— Building JVeius. 


ROOFS OF WOOD AND IRON. Deduced chiefly from the 

Works of Robison, Tredgold, and Humber. By E. W. Tarn, M.A., 
Architect. Fifth Edition. Crown 8 vo, cloth 1/6 


SAFE RAILWAY WORKING. A Treatise on Railway Acci- 
dents, their Cause and Prevention ; with a Description of Modern Appliances 
and Systems. By Clement E. Stketton, C.E. Third Edition, Enlarged. 
Crown 8 vo, cloth 3/6 


SAFE USE OF STEAM. Containing Rules for Unprofes- 

sional Steam Users. By an Engineer, Eighth Edition. Sewed . 6 d. 

“ If steam-users would but learn this little book by heart, boiler explosions would become 
sensations by their rarity ,"— English Mechanic, 
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SAILMAKING. By 'Samuel B. Sadler, Practical Sailmaker, 

late in the employment of Messrs. Ratsey and Lapthorne, of Cowes and 
Gosport. Second Edition. Revised and Enlarged. Places. 4to, cloth 

Net 12/6 

SAILOR’S SEA BOOK. A Rudimentary Treatise on Naviga- 
tion. By James Greenwood, B.A. With, numerous Woodcuts and 
Coloured Plates, New and Enlarged Edition, By W. H, Rosser. 
Crown 8vo, cloth ........... 2/6 


SAILS AND SAIL-MAKING. With Draughting, and the 

Centre of Effort of the Sails. Weights and Sizes of Ropes j Masting, 
Rigging, and Sails of Steam Vessels, etc. By R. Kipping, N.A. Crown 
8vo, cloth 2/6 

SCREW-THREADS, and Methods of Producing Them. With 

numerous Tables anti complete Directions for using Screw-Cutting 
Lathes. By Paul N. Hasuuck, Author of “Lathe-Work,” etc. Sixth 

Edition. Waistcoat-pocket size 1/6 

" Full of useful Information, hints and practical criticism. Taps, dies, and screwing tools 
generally are Illustrated and their action described ,"— Mechanical World, 


SEA TERMS, PHRASES, AND WORDS (Technical Dic- 
tionary (French-English, English-French), used in the English and French 
Languages. For the TJse of Seamen, Engineers, Pilots, Shipbuilders, Ship- 
owners, and Shipbrokers. Compiled by W. Pirrik, late of the African 
Steamship Company. F’cap. 8vo, cloth . . • . . 5/0 

SHIPBUILDING INDUSTRY OF GERMANY. Compiled 

and Edited by G. Lehmann-Felskowskj. With Coloured Prints, Art 
Supplements, and numerous Illustrations throughout the text. Super-royal 
4to, cloth Net\Ql6 


SHIPS AND BOATS. By W. Bland. With numerous Illus- 
trations and Models. Tenth Edition. Crown 8vo, cloth . . 1/6 


SHIPS FOR OCEAN AND RIVER SERVICE. Principles 

of the Construction of. By II, A. Sommerkki.dt. Crown Svo . . 1/6 

ATLAS OF ENGRAVINGS to illustrate the above. Twelve large folding 
Plates. Royal 410, cloth 7 16 


SMITHY AND FORGE. Including the Farrier’s Art and 

Coach Smithing. By W. J. E. Crane. Crown 8vo, cloth . . 2/6 


STATICS, GRAPHIC AND ANALYTIC. In their Practical 

Application to the Treatment of Stresses in Roofs, Solid Girders, Lattice, 
Bowstring, and Suspension Bridges, Braced Iron Arches and Piers, and other 
Frameworks. By R, Hudson Graham, C.E. Containing Diagrams rntd 
Plates to Scale. With numerous Examples, many taken from . existing 
Structures. Specially arranged for Class-work in Colleges and Universities. 
Second Edition, Revised and Enlarged. 8vo, cloth .... 1 6/0 

“ Mr. Graham’s book will find a place wherever graphic and analytic statics are used or 
studied." — Rn^inttr. 
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STATIONARY ENGINE DRIVING. A Practical Manual for 

Engineers in Charge of Stationary Engines. By Michael Reynolds, 
M.S.E. Seventh Edition. Crown 8vo, cloth, 3/6 ; cloth boards . 4/6 

"The author is thoroughly acquainted with Ills subjects, and has produced a manual which is 
an exceedingly useful one for the class for whom it is specially Intended." — Engineering. 


STATIONARY ENGINES. A Practical Handbook of their 

Care and Management for Men-in-charge. By C. Hurst. Crown 8vo. Net I/O 


STEAM AND THE STEAM ENGINE. ' 

Portable. Being an Extension of the Treatise on the 
Mr. J. Sewell, By D, K, Clark, C.E. Fourth Ed ! 

cloth 3/6 

11 Every essential part of the subject is treated of competently, and in a popular style."— Iron, 


.STEAM AND MACHINERY MANAGEMENT. A Guide 

to the Arrangement and Economical Management of Machinery, with 
Hints on Construction and Selection. By M. Powis Bale, M.Inst.M.E. 

Crown 8vo, cloth 2/6 

"Gives the results of wide experience." — Lloyd's Newspaper. 


STEAM ENGINE. A Practical Handbook compiled with 

especial Reference to Small and Medium-sized Engines. For the Use of 
Engine Makers, Mechanical Draughtsmen, Engineering Students, and ussrs 
of Steam Power. By Herman Haeder, C.E. Translated from the German 
with additions and alterations, b y H. H. P. Powles, A.M.I.C.E., M.I.M.E. 
Third Edition, Revised. With nearly i,ioo Illustration.*-, Crown 8vo, 
cloth Net 7/6 

“This is an excellent book, and should be in the 1 -'I — 

' ■'*“ ’ ‘ ' Vum-sized stationary engines . . ■ \ ■ . 

i* i 1 « .mis leads to the conclusion ■ 

:■ . ■■ aims at showing: the result « : 

may claim a complete achievement of this idea ."^Nature. 


STEAM ENGINE. A Treatise on the Mathematical Theory of, 

with Rules and Examples for Practical Men. By. T. Baker, C.E. Crown 

8vo, cloth . 1/6 

“ Teems with scientific information with reference to the steam-engine."— Design and Work. 


STEAM ENGINE. For the Use of Beginners. By Ur. Lakbnkk 
C rown 8vo, cloth .... 1/6 


STEAM ENGINE. A Text-Book on the Steam Engine, with a 

Supplement on Gas Engines and Part II. on Heat Engines. By X. 
M. Goodeve, M.A., Barrister-at-Law, Professor of Mechanics at the Royal 
College of Science, London ; Author of “ The Principles of Mechanics," “ The 
Elements of Mechanism,” etc. Fourteenth Edition. Crown 8vo, cloth . 6/0 

" Professor Goodeve has given us a treatise on the steam engine, which will bear comparison 
with anything written by Huxley or Maxwell, and we can award It no higher praise." — Engineer. 

"Mr. Goodeve's text-book is a work of which every young engineer should possess himsell.’ 
—Mining Journal. 
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STEAM ENGINE (PORTABLE.) A Practical Manual on 

its Construction and Management. For the use of Owners and Users of 
Steam Engines generally. By William Dyson Wansbrough. Crown 

8 vo, cloth 3/6 

i< This is a work of value to those who use steam machinery. . . . Should he read by every 
one who has a steam engine, on a farm or elsewhere ."— Mark Lane Express. 


STEAM ENGINEERING IN THEORY AND PRACTICE. 

By Gardner D. Hiscox, M.E. With Chapters c ' ' ' ""v r-—f f. 
By Newton Harrison, E.E , Author of “ Electr « ■ 

Switchboards." «.*««. *“ D “ M Ml 2/6 

ITTeTflRICAL— STEAM AND ITS PROPERTIES— APPLIANCES FOR THE GENERATION 

OF steam— Types OF Boilers-Chimney and its Work-heat Economy of the 
Khed Watfr-Steam Pumps and their work-incrustation and its Work— 
stf am above atmospheric Pressure-Flow of steam from nozzles-Super- 
work-adiabatic Expansion of steam-indicator and 
; .. : 'V.V'"V , S'. Proportions -Slide Valve Engines and Valve Motion 

. !l. d,"'.. s'i ns Valve Gear-compound engine and its Theory— 
T . expansion Engine-steam Turbine-Refrigeration— 

i> 1 .- I j' . v i t Management-Cost of Power-Steam Engine Troubles 

— ] 1 ' ■(■■■■r-.; ELECTRIC PLANTS. 


STONE BLASTING AND QUARRYING. For Building and 
other Purposes. With Remarks on the Blowing up of Bridges. By Gen. 
Sir J. Burgoyne, K.C.B. Crown 8vo, cloth 1 10 


STONE-WORKING MACHINERY. A Manual dealing with 

the Rapid and Economical Conversion of Stone. With Hints on 

ment and Management of Stone Works. By M. Powts Balk, M.lnst.C E. 

Crown 8vo, clotn * 

•' Should be In the hands of every mason or student of stonework' -Cof/fro' Guardian. 


STRAINS, HANDY BOOK FOR THE CALCULATION OF. 

^ 1 K Tn Cirders and Similar Structures and their Strength. Consisting of Formula: 

^"TTiicE V'lgS MSS: 

tion &c. By William Humber, A. M. Inst. c. it., sc. oiau 
C rown 8vo, with nearly too Woodcuts and 3 Plates, clo ‘ 

m Wo heartily commend this really handy book to our engineer and architect readers. 
English. Mechanic. 


STRAINS ON STRUCTURES OF .JRONWORK^ ^With 

Practical Remarks on Iron Construction. By . ■ ’’ . 5/0 

8vo, cloth 

SUBMARINE TELEGRAPHS. 

and Working. founded in part m ‘A rom Authoritative and Exclusive 
graphie Sous-Marine, mid Compiled a M Inst.CE., M.I.&Iech.E., 

Sources. By Charles _F.R. . folly Illustrated, including 

M.I.E.E. Super royal 8™, “early Plated ^ngly bound in doth 
a large number of Maps and Folding Plates, strung y £3 3 a . 

. Mr. Ilright's interestingly written and admirably illustrated book will meet with a welcome 
reception from cable men.”— Electrician. 
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SURVEYING AS PRACTISED BY CIVIL ENGINEERS 

AND SURVEYORS. Including the Setting-out of Works for Construc- 
tion and Surveys Abroad, with many Examples takeii from Actual Practice. 
A Handbook for use in the Field and the Office, intended also as a Text-book 
for Students. By John Whitelaw, Jun., _A.M Inst.C.E., Author of “Points 
and Crossings." With about 260 Illustrations. Second Edition. Demy8vo, 
cloth Net 10/6 


of Angular 
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nc Surveys. 


"This work is written with admirable lucidity, and will certainly be found of distinct value 
both to students and to those engaged in actual practice."— The Builder, 


SURVEYING, LAND AND ENGINEERING. For Students 

and Practical Use. By T. Baker, C.E. Twentieth Edition, by F, E. 
Dixon, A. M. Inst. C.E. With Plates and Diagrams, Crown 8vo, cloth 

2/0 


SURVEYING, LAND AND MARINE. In Reference to the 

Preparation of Plans for Roads and Railways ; Canals, Rivers, Towns, Water 
Supplies ; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. Davis Haskoll, C.E. Second Edition, Revised with 
Additions. Large crown 8vo, cloth 9/0 

"This book must prove of great value to the student. We have no hesitation In recom- 
mending it, foiling assured that It will more than repay a careful study."— Mechanical World, 


SURVEYING, PRACTICAL. A Text-book for Students Pre- 
paring for Examinations or for Survey Work in the Colonies lly ( Jeohuic 
W. Usill, A. M. Inst C.U. Eighth Edition, thoroughly Revised and Enlarged 
by Alix. Beazley, M.InstC. E. With 4 Lithographic Plates and 360 
Iflustrations. Large crown Svo, 7/6 cloth ; or, on thin paper, leather, gilt 


edges, rounded corners, for pocket use 1 2/6 

ORDINAR" ' ----- - . “ ' ■ ” QUIKHI) in 

Surveying — . ■ ■ ■ ; — Town- 

Surveying— > ■ Work— 

r.Axn ‘J-’t'.'Ti ■ ■■ ■ ■ tahi.hs — 

.<■ ‘ 'milks of Natural Sines, hi Natural sinus and Co-Kinfs 
— t.fk.t". I'.'.'. and Co-Tangents— Natural Secants and co-Sucan rs 

"The first book which should be put in the hands of a pupil of civil imgitiKjeiing."— ,•/ ic/iitr, t. 


SURVEYING TRIGONOMETRIC * L. An outline of the 

Method of Conducting a Trlgonomeliienl Survey. For the Formation of 
Geographical and Topographical Maps and Plans, Military Reconnaissance, 
levelling, &c., with Useful Problems, Formula:, and Tables. By 
Lieut. -General Fromk, R.IC. Fourth Edition, Revised and partly Re-written 
by Major-General Sir Charles Warren, G.C.M.G., K.K. With 19 Plates 
and 115 Woodcuts, royal 8vo, doth 1 QjQ 


SURVEYING WITH THE TACHEOMETER. A Practical 

Manual. for the use of Civil and Military Engineers ami Surveyors, including 
two series of Tables specially computed for the Reduction of Readings 
in Sexagesimal and in Centesimal Degrees. By Nisn. Kknnhdv, M. Inst.C F, , 
With Diagrams and Plates. Second Edition. Demy 8vo, doth Net 1 0/6 
. “ The work is very clearly written, nnd should remove all iMIicultles in tho way ninny surveyor 
desirous of making use of this useful and rapid instrument."— Nature, 
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SURVEY PRACTICE. For Reference in Surveying, Levelling, 

and Setting-out and in Route Suiveys of Travellers by Land and Sea. With 
Tables, Illustrations, and Records. By L. D’A. Jackson, A.M.Inst.C.E. 
Second Edition. 8vo, cloth "i 2/6 


SURVEYOR’S FIELD BOOK FOR ENGINEERS AND 

MINING SURVEYORS! Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and nse of Theodolite for Traverse Surveying and 
plotting the work with minute accuracy by means of Straight Edge and. Set 
Square only ; Levelling with the Theodolite, Setting-out Curves with and 
without the Theodolite, Earthwork Tables, &c. By W. Davis Haskoll, 
C.K. With numerous Woodcuts Fifth Edition, Enlarged. Crown 8vo, 
cloth 12/0 

11 Tlie book Is very bandy; tbe separate tables of sines and tangents to every minute will 
nmkfe it UKfiiul for many oilier purposes, the genuine traverse tables existing all the same.” — 
Atfunmim* 


TECHNICAL TERMS, English-French, French-English : A 

Pocket Glossary ; with Tables suitable for the Architectural, Engineering, 
Manufacturing, and Nautical Professions. By John James Fletcher. 
Fourth Edition, zoo pp. Waistcoat-pocket size, limp leather . • .1/6 

11 The glossary of terms Is very comolete, and many of the Tables are new and well arranged 
We cordially commend the book." —Mechanical World . 


TOOLS FOR ENGINEERS AND WOODWORKERS. In- 
cluding Modern Instruments of Measurement. By Joseph Horner, 
A.M.Inst.M.E., Author of “Pattern Making,” &c. Demy 8vo, with 456 
Illustrations Net 9/0 
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huh. Measurement and test. 
I’I.atks, Levels, bevels, I’rot: 

— Compasses an : ** .. 

— Micrometer ■ ■ ■ ■ . 

Limit gauges.- ■. 


r AN" RELATED bORMS.— 

; 4 , I .-s CYLINDRICAL AND 

1 -.—INDICATORS, ETC. 


"As an all-round practical work oil tools it is more comprehensive 
aro acquainted, ami we have no doubt it will meet with the large measure 
merits fully entitle it ." — Mechanical World. 


than any with which we 
of success to which its 


TOOTHED GEARING. A Practical Handbook for Offices, 

and Workshops. By J. Horner. A.M.I.M.E, Second Edition, with a Aew 
Chaplin* on Recent Practice. With 184 Illustrations. Crown 8vo, cloth o/U 


TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System ; with an “^austive 
Analysis of the Various Modes of Traction, including Horse Power, Stea^ 
Cable Traction, Electric Traction, &c. ; a Description of ^ ™eu« d 
Rolling Stock; and ample Details of Cost and Working Exf^es. JSew 
Edition, Thoroughly Revised, and Including the Progress recently tm m 

Tramway Construction, &c. By D. Kinnkar Clark, M no in 

400 Illustrations. 8vo, 780 pp., buckram ■ 
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TRUSSES OF WOOD AND IRON. Practical Applications 

of Science in Determining the Stresses, Breaking Weights, Safe Loads, 
Scantlings, and Details of Construction. With Complete Working Drawings. 

By W. Griffiths, Surveyor. Oblong 8vo, cloth 4/6 

"This handy little book enters so minutely Into every detail connected with the con- 
struction of roof trusses that no student need be Ignorant of these matters."— Practical Hngineer, 


TUNNELLING. A Practical Treatise, By Charles Preuni, 

C.E. With additions by Charles S. Hill, C.E. With 150 Diagrams and 
Illustrations. Royal 8vo, cloth Net 1 6/0 

TUNNELLING, PRACTICAL. Explaining in detail the Setting- 

out the Works, Shaft-sinking, and Heading-driving, Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering and the Construction of 
the Brickwork of Tunnels, By F, W. Simms, M. Inst. C.E. Fourth Edition, 
Revised and Further Extended, including the most recent (1895) Examples of 
Sub-aqueous and other Tunnels, by D. Kinnear Clark, M. Inst. C.E. With 
34 Folding Plates. Imperial 8vo, cloth £2 2 b. 

TUNNEL SHAFT'S. A Practical and Theoretical Essay on the 

construction of large Tunnel Shafts. By J. H. Watson Buck, M.Inst.C.K., 
Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, cloth 1 2/0 
" Will be regarded by civil engineers as of tho utmost value and calculated to savu much 
time and obviate many mistakes." — Colliery Guardian. 

WAGES TABLES. At 54, 52, 50, and 48 Hours per "Week, 

Showing the Amounts of Wages from One quarter of an hour to Sixty-four 
hours, in each case at Rates of Wages advancing by One Shilling from 4s. 
to 55s. per week. By Thos. Garbutt, Accountant. Square crown Bvo, 


half-bound 0/Q 

WATER ENGINEERING. A Practical Treatise on the 

Measurement, Storage, Conveyance, and Utilization of Water for the Supply 
of Towns, for Mill Power, and for other Purposes By Charles Si.Atso, 
A.M.Inst.C.E. Second Edition. Crown 8vo. cloth .... - 7/6 


WATER, POWER OF. As Applied to Drive Flour Mills and 

to give motion to Turbines and other Hydrostatic Engines. By Joseph 
Glynn, F.R.S., &c. New Edition. Illustrated. Crown Hvo, cloth 2/0 


WATER SUPPLY OF CITIES AND TOWNS. By Wil- 
liam Humber, A.M. Inst. C.E., and M. Inst. M. If., Author of '‘Cast and 
Wrought Iron Bridge Construction," &c., &c. Illustrated with 50 Double 
Plates, 1 Single Plate, Coloured Frontispiece, and upwards of 950 Woodcuts, 
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially 
half-bound in morocco At/ £6 61. 

List of Contents : — I. Historical Sketch op some op run means tiia r have 

BEEN ADOPTED FOR THE SUPPLY OP WATER TO ClTIHS AND TOWNS.-!!. WAT HR AND 

the Foreign matter usually associated with it.— III. Rainfall and Evapora- 
tion.— I v. Springs and the Wat . ■ , ■ 

—V. Measurem: — - — — v — -. ■ : 

OP THE SOURCE 

of Water.— X. -■ .. • ■ , ■■ 

TION OF WATER. 

AND ECONOMY i . . 

XVII. Description or - • — . 

&c " ' ■ ■■ OP SEVERAL WORKS It. LI! 

T^HBD, AMONG WH. ... N, lUnitFOKD, CANT ItltllWKY, 

Dundee, Halifax, Lambeth, Rotherham, Dublin, and others. 

" The most systematic and valuable work upon water supply hitherto produced In Hnidlsh, 
m . an y. other language. Mr. Humber's work Is characterised almost throughout by an 
“hausriveness much more distinctive of French and German than of English technical treatises." 
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SUPPLY OF TOWNS AND THE CONSTRUC- 

*Oty OP WATER. WORKS. A. Practical Treatise for the Use of 
engineers and Students of Engineering. By W. K. Burton, A. M. Inst. C.E., 
Suiting Engineer to the Tokyo Water-works. Third Edition, Revised, 
limited hy Allan Greenwell, F.G.S., A.M.Inst.C.E., with numerous 
and Illustrations. Super-royal 8vo, buckram. [Justjnibkshecl. 25/0 

£fiE***< ^Z'XlODVCTORY. - II. DIFFERENT QUALITIES OFlVATBR. UI. QUAITOTY OF 
8U*'I»X/C. ^ ° BE PROVIDED.— IV. ON ASCERTAINING WHETHER. A PROPOSED SOURCE OF 
TO Hu p IS SUFFICIENT. — V. ON ESTIMATING THE STORAGE REARED 

yOp*.K._^§-pv I DED.-VI. CLASSIFICATION OF WATER-WORKS.— VII. IMPOUNDING R.BSER 

earthwork dams,— ix. masonry Dams.— x. the purification of 
SETTLING RESERVOIRS.-XII. SAND FILTRATION-XIII. PURIFICATION 
by action of iron, softening of water by action of Lime, natural 
PJP& ia.-iS^oist.-xiv. service or Clean Water reshrvoirs-water Towbrs-stand 
the Connection of settling reservoirs, 

fiNi^St*" vvt ptTMPtNr: machinery XVII. Flow of water in Conduits— 


piplJo . _ 

via I Op, '“open "channels' - xvfii, DISTRIBUTION Systems -xix special pro- 

VHN'ric?. , s OR THE EXTINCTION OF FIRES.— XX. PIPES FOR WATER-WORKS.— XXI. PRE 

Ob Waste of Water.— XXII, Various appliances used in connection 
^ A-Tbr-WORKS. 

PRO I* ND IX I. By PROF. JOHN MILNE, F.R.S.-CONSIDERATIONSCONCERNING THE 

CAUTL*ri^X?~' S - EFFECTS OF EARTHQUAKES ON WATER-WORKS, AND THE SPECIAL PRB 
° N S T0 BB TAKEN IN EARTHQUAKE COUNTRIES, 


XVI. V ‘PUMPING MACHINERY— XVII. FL gW OF WATER IN CoNDUITS- 
Ophn channels.— XVIII, Distribution S ysth ms, _xix. Special Pro 


A S 


OLTJ^ 


By JOHN DE RIJKE, C.E.- 

: B of water Supply. 


-On Sand Dunes and Dune sands as 


tlilii w *‘ We congratulate the author upon the practical commonsense showi ln the preparatlon of 
• • ■ The plates and diagrams have evidently been prepared with great care, and 
* a H to be of great assistance to the student." — Builder. 

'^■A.TT^R 5 UPPLY, RURAL. A Practical Handbook on the 

Supply of Water and Construction of Waterworks for small Co ™«yBistricts. 
By Allan Greenwell, A.M.Inst.C.E. and W. T. Cukry, A.M.Inst.C.E. 
H'.G.S. With Illustrations. Second Edition, Revised. Crown 8vo, cloth 5/0 

“ The volume contains valuable Information upon aU matters co^Kted wlth watm suwh| 

* * - It is full of details on points which ate continually before water-works engineers, -nature. 


AND WELL-SINKING. By J. G. Swindell, 
-A_. R.I.B.A., and G. R. Burnell, C.E. Revised Edition. Crown 8vo, 
cloth j!/ ° 


WIRELESS TELEGRAPHY: ITS THEORY AND PRAC- 

TICE. A Handbook for the use of Electrical Engineers, Sludents^and 
Operators. By James Erskine- Murray,, D.Sc., Fell- ow of 
Society of Edinburgh, Member of the Institution, of Electrical Engineers. 

lOemy 8 vo, 338 pages, with over 130 Diagrams Yj^pMshed. Net 1 0/6 
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WIRELESS TELEGRAPHY ; Its Origins, Development, In- 
ventions, and Apparatus. By Charles Henry Skwall, Author of “ Patented 
Telephony,” ‘‘The Future of Long-DLtauce Communication," Willi 85 
Diagrams and Illustrations. Demy 8vo, cloth .... Net 10/6 


WIRELESS TELEPHONY, A HISTORY OF. By Ernst 

Rummer. Translated from the German by J. Ehskine-Murray, D.Sc., 
M.I.E.E., &c. Author of “A Handbook of Wireless Telegraphy.” With 
numerous Illustrations. Demy, 8vo., cloth. 

[Nearly ready. Price about pet 9/0 


WORKSHOP PRACTICE. As applied to Marine, Land, and 

Locomotive Engines, Floating Docks, Dredging Machines, Bridges, Ship 
building, &c. By J. G. Winton. Fourth Edition, Illustrated. Crown 8vo, 
cloth 3/6 


WORKS’ MANAGER’S HANDBOOK. Comprising Modern 

Rules, Tables, and Data. For Engineers, Millwrights, and Boiler Makers; 

Tool Makers, Machinists, and Metal Workers ; Iron and Brass Founders, &c. 

By W. S. Hutton, Civil and Mechanical Engineei, Author of “The Practical 

Engineer's Handbook." Seventh Edition, carefully Revised, and Enlarged. 

Medium 8vo, strongly bound .... [Just published 1 5/0 
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“ The volume Is an exceedingly useful one, brlinlul with engineer's notes, memoranda, and 
rules, and well worthy of being on every mechanical engineer's booksheir ."— Mechanical IVorld, 
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PUBLICATIONS OF THE ENGINEERING 

STANDARDS COMMITTEE. 

» 


M ESSRS. CROSBY LOCKWOOD and SOY, having been appointed 
Official Publishers to the ENGINEERING STANDARDS 
COMMITTEE, beg to invite attention to the List given below of 
the Publications already issued by the Committee, and will be prepared to 
supply copies thereof and of.all Subsequent Publications as issued. 

The Engineering Standards Committee is the outcome of a 
Committee appointed by the Institution of Civil Engineers at the instance 
of Sir John Wolfe Barry, K.C.B., to inquire into the, advisability of 
Standardising Rolled Iron and Steel Sections. 

The Committee as now constituted js supported by the Institution of 
Civil Engineers, the Institution of Mechanical Engineers, the Institution 
of Naval Architects, the Iron and Steel Institute, and the Institution of 
Electrical Engineers ; and the value and importance of its labours— not 
only to the Engineering profession, but to the country at large— has been 
emphatically recognised by His Majesty's Government, who have made a 
liberal grant from the Public Funds by way of contribution to the financial 
resources of the Committee, and have placed at its disposal the services (on 
the several Sub-Committees) of public officials of the highest standing 
selected from various Government Departments. 


The subjects already dealt with, or under consideration by the Com- 
mittee, include not only Rolled Iron and Steel Sections, but Tests for Iron 
and Steel Material used in the Construction of Ships and their Machinery, 
Bridges and General Building Construction, Railway Rolling Stock, Under- 
*. . ..... -jf Locomotives, Railway and Tramway Rails, 

1 • ■ • • Materials, Screw Threads and Limit Gauges, 


Pipe Flanges, Cement, etc. 

These particulars will be sufficient to show the importance to the 
r pj,^Qg and Industries of the Empire of the work the Committee has 
undertaken. 


Reports already Published : — 

1. BRITISH STANDARD SECTIONS (9 lists). — Angles, 

Equal and Unequal. — Bulb Angles, Tees and Plates. Z and T 
Bars. — Channels.— Beams, JVet «/U 

2. TRAMWAY RAILS AND FISH-PLATES. Net 21/0 

3. REPORT ON THE INFLUENCE OF GAUGE LENGTH. 

By Professor W. C. Unwin, F.R.S. Net 216 

4. PROPERTIES OF STANDARD BEAMS. 

{Included in No. 6.) ....... n *n 

5. STANDARD LOCOMOTIVES FOR INDIAN RAU- 

G. PROPERTIES OF BRITISH STANDARD SECTIONS. 

Diagrams, Definitions, Tables, and Formula. 

7. TABLES OF COPPER CONDUCTORS AND ™ c ^“ 

' NBSSBS OP Dl-ELECTRIC. MO 

S. TUBULAR TRAMWAY POLES. ** 5/0 

9. BULL-HEADED RAILWAY RAILS. * * ] Q ‘ G 

10. TABLES OF PIPE FLANGES. vJ 1016 

it. FLAT-BOTTOMED RAILWAY RAILS. " „, R 

12. SPECIFICATION FOR P °RJLAND CEMENT. ^ 2,6 

13. STRUCTURAL STEEL FOR SHIPBUILDING. ^ ^ 
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PUBLICATIONS OF THE ENGINEERING 
STANDARDS COMMITTE E — (continued ) . 


14. STRUCTURAL STEEL FOR MARINE BOILERS. JVW 2/6 

15. STRUCTURAL STEEL FOR BRIDGES AND 

GENERAL, BUILDING CONSTRUCTION ... Net 2/6 

16. SPECIFICATIONS AND TABLES FOR TELEGRAPH 

MATERIALS. Net 1 0/6 

17 INTERIM REPORT ON ELECTRICAL MACHINERY. 

Net 2/6 

19. REPORT ON TEMPERATURE EXPERIMENTS ON 

FIELD COILS OF ELECTRICAL MACHINES. Net 5/0 

20. BRITISH STANDARD SCREW THREADS. Net 2/6 

21. BRITISH STANDARD PIPE THREADS. Net 2/6 

22. THE EFFECT OF TEMPERATURE ON INSULATING 

MATERIALS. Net 5/0 

23. STANDARDS FOR TROLLEY GROOVE AND WIRE. 

Net 1 /O 

24. MATERIAL USED IN THE CONSTRUCTION OF 

RAILWAY ROLLING STOCK. Net 1 0/6 

25. ERRORS IN WORKMANSHIP. Based on Measurements 

carried out by the National Physical Laboratory. Net 1 0/6 

26. SECOND REPORT ON LOCOMOTIVES FOR INDIAN 

RAILWAYS Net 10/6 

27. STANDARD SYSTEMS FOR LIMIT GAUGES. 

(Running Fits) Net 2/6 

28. NUTS, BOLT-HEADS, AND SPANNERS. Net 2/6 

29. INGOT STEEL FORGINGS FOR MARINE PUR- 

POSES. Net 2/6 

30. INGOT STEEL CASTINGS FOR MARINE PUR- 
POSES Net 2/6 

31. STEEL CONDUITS FOR ELECTRICAL WIRING. 

Net 2/6 

32. STEEL BARS (for use in automatic Machines.) Net 2/6 

33. CARBON FILAMENT GLOW LAMPS. Net 5/0 

34 - WHITWORTH, FINE, AND PIPE THREADS, (Mounted 

on Card and varnished.) Net 6 D. 

35. COPPER ALLOY BARS (for use in Automatic Machines). 

Net 2/6 

36. STANDARDS FOR ELECTRICAL MACHINERY. 

2nd Report Net 1 /O 

38. LIMIT GAUGES FOR SCREW THREADS. Net 1/0 

39. COMBINED REPORTS ON SCREW THREADS (con- 
taining Nos. 20, 28, 38) Net 3/6 


London : Crosby Lockwood & Son, 

7 STATIONERS’ HALL COURT, E.C. 


BRADBURY, AGNEW, & CO. LD., PRINTERS, LONDON AND TONBRIDGE. 




WEALE‘8 SCIENTIFIC & TECHNICAL SERIES. 


MATHEMATICS, ARITHMETIC, &c. 

Qeometfy, Descriptive. J. F, Heather . , .2 /- 

Practical Plane Geometry. J. F. Heather. . . 2/- 
Analyticai Geometry, J, Hann & J. R. Young, . 2/- 
Geometry. Part I. (Kunl id, Bits. I.— Til.) H. Law 1/6 
Part II. (Kuclid, Books IV., V., VI., XL, 
XII.). H. Law 1/6 


Geometry, la 1 vol. (Buolid’s Elements) . , . . 2/6 

Plane Trigonometry. J. Hank . . . .1/6 

Spherical Trigonometry, J. Hann . . . . x/- 

Tlio above 2 vols., bound together . . . .2/6 

Differential Calculus. W. S. B. "Woolhouse . . 1/6 

Integral Calculus. H. Oox 1/- 

Algebra. J. Haddon 2/- 

Key to ditto 1/6 

Book-keeping, J. Hadhon 1/6 

Arithmetic. J. R. Young 1/6 

Key to ditto 1/6 

Equations! Arithmetic. "W. Hiesley . , .. 1/6 

Arithmetic. J. Haddon 1/6 

Key to ditto 1/6 


Mathematicallnstruments. Heather & Walmisley 2/- 
D rawing & Measuring instruments. J. F, Heather 1/6 
Optical Instruments. J. F. Heather . . .1/6 

Surveying <& Astronomical Instruments. J. F. 

Heather ......... 1/6 

The above 3 vols. , bound together . . . .4 /6 
Mensuration and Measuring. T. Baker . . . 1/6 
Slide Rule, & How to Use it. 0. Hoare . . 2/6 

Measures, Weights, & Moneys. "W. S. B. Woolhouse 2/6 
Logarithms, Treatise on, with Tables. H. Law . 3 /- 
Compound Interest and Annuities. F. Tiioman . 4/- 
Compondious Calculator. 1). O’Gohman . . 2/6 

Mathematics. F. Oamvin 3/- 

Astronomy. R. Main & W. T. Lynn . . . .2 /- 

Statics and Dynamics. T. Baker . . . . 1/6 
Superficial Measurement. J. Hawkings , . 3/6 
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WEALE’S SCIENTIFIC & TECHNICAL SERIES. 


BUILDING & ARCHITECTURE. 

Building Estates. F. Maitland . . . . 2/- 

Science of Building. E. W. Tarn . . . , 3/6 

Building, Art of. E. Dobson and J. P. Allen . . 2/- 

Book on Building. Sir E. Beckett . . . . 4/6 

Dwelling Houses, Erection of. S. H. Brooks . 2/6 

Cottage Building. 0 . B. Allen 2/- 

Acoustics of Public Buildings. Prof. T. R. Smith. 1/6 
Practical Bricklaying. A. Hammond . . . . 1/6 

Practical Brick Cutting & Setting. A. Hammond. 1/6 
Brickwork, F. Walker . . . . . , 1/6 

Brick and Tile Making. E. Dobson. . , .3 /- 

Practical Brick & Tile Book. Dobson & Hammond 6/- 
Carpentry and Joinery. T. Tredgold & E. W. Tarn 3/6 

Atlas of 35 plates to the above 6/- 

Handrailing, and Staircasing. G. Collings . . 2/6 

Circular Work in Carpentry. G. Oollingg . . 2/6 

Roof Carpentry. G. Codlings 2/- 

Construction of Roofs.' E. W. Tarn . . . . 1/6 

Joints used by Builders. J. W. Christy , . 3/- 

Shoring. G. H. Blagrove 1/6 

Timber *rwyw*a«ii« «fc Rni l f l nr' fi G "idft R. E. Grandy 2/- 

Plumbii g. .1 3/6 

Ventilat on of feokdito##.# W. ft Buoiian . . 3/6 

Practice I EH|i|tte’^rr^ W.|Ehmb f 2/- 

House-F ai . . , . 5/- 

E I e m e nraiy’Bet re <. AT aoey . . , , 2/- 

Practical House Decoration. J. W. Facey . . 2/6 

Gas-Fitting. J. Black 2/6 

Portland Cement for Users. H. Fai.ia&D. B. Butler 3/- 
Limes, Cements, & Mortars. G. R. Burnell . . 1/6 

Masonry and Stone Cutting. E. Dobson . . 2/6 

Arches, Piers, and Buttresses. W. Bland . . 1/6 
Quantities and Measurements. A. C. Beaton . 1/6 
Complete Measurer. R. Horton . . . . 4/- 

Superficial Measurement. J. Hawkings . . 3/6 

Light, for use of Architects. E. W. Tarn . . 1/6 

Hints to Young Architects. Wightwiok& Guillaume 3/6 
Dictionary of Architectural Terms. J. Wkalk . 5/.- 



CROSBY LOCKWOOD & SON, 7, Stationers' Hall Court, E.C. 





